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The stock shelves at 


TRoss include 


more different air valves than any 
other stock shelves in the valve world 


50 Million Cycles in Tests 

Ross Goldmodel. A lightning fast, base mounted 
valve with its solenoid immersed in oil to run 
cool for long, long life. Full JIC. 3-way, 4-way 
and 4-way 5 port. models. !4" through 114", 


Does a Big Valve’s Work 

“Headline Series’. Highest capacity valve- 
size for valve-size of any valve we've seen. 
Use a smaller, economical inline valve to do a 
bigger, more expensive valve’s work. Fast. 
S-way, 3-way, 4-way. |,” through 114". 





Control Cylinder Speed 

Speed Control Valve. The adjustment screw 
directs air through an orifice that’s engineered 
to give fine shadings of control at either high 
or low flow rates. 14” through 1!4”. 


Especially for Tough Duty 

Ross #100 series. Rough, tough jobs call for 
this valve which can pass most dirt and 
foreign matter with no trouble. Few moving 
parts and short poppet travel makes it 
especially wear resistant. 


FOR OTHER ROSS VALVES SEE SWEET’S PRODUCT DESIGN FILE 


The most complete line of air controls in the world 


OSS OPERATING VALVE COMPANY 
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THE COVER... 

Hairpin coils are plated on facing 
disks in this rotary Inductosyn 
made by Farrand Optical Co. Ac 
current in one set of coils induces 
a varying voltage in the facing 
conductors depending on exact 
position. Thus the voltage of the 
“secondary” is an accurate (to 
one second of arc) index of its 
angular position. ‘This is just one 
of 40 angle- and position-measur- 
ing transducers surveyed in the 
article on p 33. 
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Sequencial or functional redundancy compared for reliability. 
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30 MILLION OF THESE JET-FORMED SPHERES IN 
EVERY INCH OF BEARING SURFACE! 


JET PROCESS BLASTS MOLTEN ALLOY 
INTO UNIFORM PARTICLES .. . so small 


that thirty million will form a thin layer 
only one inch square! This sintered layer 
is the bearing surface of Federal-Mogul 
sleeve bearings. 


Molten copper-lead, alloyed to exact 
specifications, is poured into a special 
inert-atmosphere reaction crucible. Here 
it’s blasted by a high-speed fluid jet to 
form the dense powder shown at left. 


Because of the uniform particle size of 
this powder, the bearing surface of each 
F-M copper-lead sleeve bearing has pre- 
cisely the same alloy composition and 
high adhesion to the steel backing as 
every other F-M bearing of the same 


alloy type! 





YOU CAN SEE THE CONSISTENT SIZE 


in the photomicrograph. What you can’t see 
is the consistent alloy composition which 
produces uniform bearing properties and 
performance in any alloy type. 


Federal-Mogul makes engine bearings for 
every condition of speed and load. You can 
select from among five different sintered 
copper-lead alloys, all permanently bonded 
to precision-formed steel backing. Our 
Engineering Department is available to you 
for consultation or recommendations on 
bearing design and application. For more 
information, write Federal- 


maker, Detroit 13, Michigan. tually any bearing application—Plain and bimetal bushings in bronze, steel or aluminum, Precision 


thrust washers in solid bronze, or sintered alloys on steel (one or both faces). Rolled split spacer 
tubes in steel, aluminum or stainless. 


Mogul Division, 11043 Shoe- i A COMPLETE LINE! Steel backed bearings with a selection of many different alloys for vir- 


sleeve bearings DIVISION OF 


PE rt = RR A | - Vi O G LJ a rte ~=FEDERAL-MOGUL-BOWER 


thrust washers BEARINGS, INC. 
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INTERESTING TO NOTE 





We are indebted to Dr. Eric E. Ungar 
of Bolt, Beranek and Newman for the 
following elegy. 


A CONSULTING ENGINEER’S LAMENT 

Thus speaketh an engineer of con- 
sultation, who abideth in the valley of 
industry. 

Consider the engineer of consultation, 
in his day of sorrow: He believeth not in 
production, in administration he hath no 
faith. 

He knoweth not of hard practicalities, 
neither doth he indulge in theorizing of 
high degree. 

He passeth by computations elemen- 
tary for to save time, but proceedeth by 
guesses and advanceth by intuition. 

He maketh himself an example shin- 
ning for his fellow men. 

Yet, though his soul and his guesses 
are proven and his record is pure as the 
driven snow, his brethren consider him 
black as the inclusion sinister of im- 
purities in metals pure. 

And he is scorned and despised by 
the lowest technician. 

And by the machinist of experience 
of one mocn he is spat upon. 

And by the supervisors of section small 
he is laughed upon. 

And by presidents of vice he is picked 
upon. 

Consider the engineer of consulting 
and his suffering: 

He too striveth to make things work 
and writeth reports and attendeth meet- 
ings innumerable. 

He too hath entered into the vale of 
despondency and despair at test results. 

He too hath forsaken the mind of 
peacefulness and the air of calmness. 

Why then do you scorn him, ye draft- 
ers of drawings, ye machiners of metals, 
ye solderers of wires and ye cleaners of 
wash rooms? 

He too is but a slave. 

And the sons answered unto him. 

For that he is one who telleth us that 
which we cannot do we must do, and 
that which we can do is of no avail; 

For that he is one who telleth us that 
which we cannot do in a moon he want- 
eth yesterday; 

For that we need a wall to wail upon; 

And a goat to use for our scape; 

And for this was he created. 

Consider the engineer of consultation: 

In time of profits, he profiteth not, 

In time of vacations, he vacateth not, 

He watcheth others theorize, but 
theorizeth not, for he consulteth. 

He standeth at points of decision, but 
decidedth not, for he only consulteth. 


Consider the engineer of consultation 
in his time of sorrow, which is forever, 

For no one loveth the engineer of 
consultation. 

Thus sayeth an engineer of consulta- 
tion, who abideth in the valley of indus- 
try. 


mules walk on four legs 

In the town of Clintonville, Wis, the 
spring of 1905 was especially muddy. 
Cars were bogged down all over town. 
One of Clintonville’s citizens, a machinist 
named Otto Zachow, explained why 
horses and mules could pull a cart in mud 
impossible for cars, “who ever heard of a 
mule walkin’ on only two legs?” 

Zachow realized that four-wheel drive 
was necessary to power a car through the 
heavy mud. He then borrowed an idea 
from the tumbling rods on a threshing- 
machine separator and replaced both 
front-wheel steering pivots by double-Y 
universal joints. The system permitted 
the wheels to be steered without interfer- 
ing with the transmission of power. 

A four-wheel drive was not a new 
concept, but Zachow’s system was a little 
better than anything yet manufactured. 
The town’s attorney, Walter Olen was 
called in and at his suggestion patent 
applications were filed. The problem of 
capital was also solved by selling stock 
to the residents of the town. The idea 
was accepted and $110,000 was raised 
to form the Four-wheel Drive Auto Co 
—a company still active in the production 
of four-wheel drive systems for trucks, fire 
engines, snow plows and other special- 
purpose vehicles. As for passenger cars, 
with four-wheel drive, they may come 
back again as the article on page 46 
points out.—Benedict A Leerburger, Jr. 


SIDELIGHT 


Redundancy in design, that is, making 
one thing do two or more jobs has 
certain possibilities and some problems, 
as the article on page 43 points outs 
However, there are materials that have 
been used for every conveivable pur- 
pose—vinyl film for example. Children 
swim in a vinyl pool. The home 
gardener can use a strip of vinyl in 
place of a natural mulch like humus 
or peat moss—it may not look pro- 
fessional, but it does hold moisture. 
One of the most unusual applications 
for vinyl is a circular headpiece call the 
“Kool-Kap.” It’s a clear pill-box shaped 
hat filled with liquid You store the hat 
in the refrigerator and it’s ready for 
use whenever you feel hot-headed 








SILICONE NEWS from Dow Corning 


Lubricants That Last 


:s 


Silicone Lubricants Beat the Heat... 
Won’t Oxidize In Service or On Shelf 


Typical of the new designs made trouble-free with the aid of heat-stable 
Dow Corning Silicones is the magnetic clutch shown above. Manufactured 
by Vickers Incorporated, Electric Products Division, Sperry Rand Corp., 
St. Louis, Mo., this clutch can slip continuously, and therefore, must 
dissipate heat . . . heat that is conducted to the ball bearings. To lubricate 
these bearings, Dow Corning silicone grease was specified because it 
doesn’t thin out and run away when temperatures skyrocket. Nonoxidizing, 
silicone grease remains operable for many years despite continuous tem- 
neratures of 450 F and higher. 


YEAR "ROUND LUBRICATION ... INDOORS AND OUT. Silicone lubri- 
cants withstand both cold and heat . . . give all-year lubricity to outdoor 
mechanisms such as parking meters. Viscosity of silicones remains vir- 
tually constant down to —100F . .. won't stiffen. Silicone lubricants also 
provide excellent shelf life. thus assuring instant starts for equipment 
left in storage for extended periods. 


ig 


If your special design encounters any of the conditions just mentioned— 
high heat, cold, extended shelf life, weathering — a Dow Corning silicone 
grease will probably end your lubricating problems on metal, plastic or 
rubber parts. Send for literature, or outline your lubrication problem on 
your letterhead and we'll send you a free sample. Be your own judge. 


Address Dept. 5220b today. 


The nearest Dow Corning office is your 
number one source for information and 
technical service on. silicones. 


ATLANTA BOSTON CHICAGO 


CIRCLE 4 ON READER SERVICE CARD 


CLEVELAND DALLAS 


LONG SHELF LIFE—Lubricated with silicones, 
timing devices, made by Appliance Manufactur- 
ing Co., for automatic dryers, operate accurately 
and quietly after extended storage. 


HEAT & COLD 
on parking meters from freezing up .. . 
nate lubrication problems. 


Silicone lubricants prevent locks 
elimi- 


IN psi 


GREASES 


OXYGEN PRESSURE 


50 200 250 300 350 

TIME IN HOURS AT 20°F 
The excellent oxidation resistance of silicone 
lubricants is shown above. After 500 hours of 
exposure to oxygen under 110 psi at 210 F, with 
a brass catalyst, silicone lubricants caused a pres- 
sure drop of only 1.5 pounds. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


LOS ANGELES NEW YORK WASHINGTON, DB. c. 
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Soviet trade show disappoints British 


¢ Few new components displayed 
¢ Technical information sparse 
¢ Ideology spectacularly presented 


Lonnon—Although the avowed inten 
tion of the Soviet Industrial Exhibition 
at Earls Court here was to stimulate 
Anglo-Sovict trade, it was not a trade 
show by Western standards, but rather 
a display of an ideology and its more 
spectacular achievements. As a specta- 
cle, it was staggering; as propaganda, 
it was most effective; as a showcase 
of Russian industry, the effect was 
patchy; as a means to obtain orders 
for manufactured goods, it was in 
effective. 

There were 10,000 exhibits, claimed 
the organizers, but many had no mar- 
ket anywhere in the West. Manv werc 
chosen to suit the theme of the ex 
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a 
PERCEPTRON designed and built by 
members of the Students’ Research 
Society of the Moscow Power Insti- 
tute. This was one of many displays 
indicating the advanced educational 
system of the Soviets. 


IIE 
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SPUTNIK is the name of this new Soviet hydrofoil rivercraft. It can accommo- 
date 300 passengers, and its four 800 hp engines drive it at 70 km/hr 


hibition rather than to attract would- 
be purchasers. In addition, over half 
the floor space was used to depict edu- 
cation, town planning, health promo- 
tion, sporting achievement and othe 
unmarketable products of the Soviet 
Union. 


INFORMATION SKETCHY 


It was difficult to get information 
on many subjects. Exhibitors were 
either unprepared for searching ques- 
tions or the interpreters were non- 
technical and could not translate an- 
swers adequately. Available literature 
was in short supply and placard cap- 
tions were often only approximate 
translations. Several exhibits were re- 
peats from Brussels and New York. 
e Electronic equipment took up the 
bulk of the technical floor space avail 
able but little of it was novel. Stand- 
ards of workmanship measured up to 
Western practice, but awkward and 
poorly placed controls showed that 
human engineering has not yet made 
much impact in the Soviet sphere. 
© Ultrasonics was emphasized and an 
ultrasonic generator—claimed as the 
world’s largest—was on display. Piezo- 
electric generators were mounted in- 
side a hemispherical bowl giving an 
energy density of 20 kw/sq cm at the 
focus, over a diameter of 3 mm. Spark- 
erosion machining was also prominent 
but design and performance were not 
outstanding. 

e Nuclear research was represented by 
models of nuclear power stations 
(water-moderated, water-cooled, graph- 
ite-water), the “Alpha” impulse ioniza- 
tion chamber (similar to British ““Zeta”’ 
and not claimed as any more success- 
ful), and the “Ogra,” world’s biggest 


magnetic trap, of which no parameters 
were available except the internal 
diameter of 1.2 m. 

e Nucleonic instruments were varied 
and advanced—well up to Western 
standards. Unfortunately, they were 
mostly presented as black boxes with a 
minimum of descriptive information. 
Radioisotopes served as_ radiation 
sources in several instruments, includ- 
ing those for measuring density, thick- 
ness, and liquid level. Standard units, 
often plug-in, were used where pos- 
sible, and dial gages were clear and 
well designed. 

¢ Machine-tool section was disappoint- 
ing. Given a key position in this sec- 
tion was a large portal-type coordinate 
borer with side heads and optical 
1000 
mm with a cross-beam vertical travel 
of 600 mm. Spindle speeds go from 
40 to 2000 rpm in 18 steps and feed 
ranges up to 630 mm/min. Optical 
setting is in all three directions, The 


setting. Table area is 1600 by 


machine has no automatic tool change 


SCALPEL SHARPENER designed by 
the staff of the Research Institute of 
Medical Instrument and Equipment of 
the Ministry of Public Health. Instead 
of a solid abrasive material to sharpen 
medical instruments, this portable elec- 
trolytic instrument does the job in 10- 
15 sec 
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and does not measure up to the per- 
formance of the Milwaukeematic or 
similar British machines. 

A semi-automatic, vertical, eight- 
spindle indexing lathe had a placard 
proclaiming “Machine is lighter by 
8.5 tons than the analogous lathe of 
the last model of the US firm of Bul- 
lard,” but it was not clear whether 
the machine tool was available. 

Similarly, a semi-automatic gear 
grinder with program control carried 
the legend, “Productivity of this ma- 
chine is 30 to 59% greater than an- 
alogous lathes manufactured by 
Nailis.” The machine grids both sides 
of a tooth simultaneously and is de- 
signed to cut cylindrical wheels with 
straight spiral teeth. 

—Nick Landon, London Bureau 


Large firms do most 
Japanese R &D 


Toyxo—Like many other industrial- 
ized countries, Japan has found that 
her industrial R & D is heavily con- 
centrated in a few large firms. The 
Science and Technology Agency here 
recently completed an analysis of the 
nation’s 100 largest companies. It 
showed that this group spent $111 
million on research during fiscal 1960 
(April 1960 through March 1961)— 
about 58% of industries total of 
$194.4 million. 

The study broke the figure down 
further to the highly select ten larg- 
est. They spent some $40.4 million on 
R & D—about 21% of the total. The 
five largest averaged $5.3 million 
apiece; the next five, $2.7 million. 
This group included five electric, three 
chemical, and iron and steel, a ship- 
building and a machinery builder. 

Some 8000 firms here maintain 
R & D programs and employ a total 
of 42,000 engineers with college de- 
grees. Not included in the Agency’s 
analysis are several large public cor- 
porations including the Japanese Tele- 
phone and Telegraph Co, the Na- 
tional Railway, National Broadcasting 
Co,, the Japan Monopoly and the 
Japan Atomic Fuel Co. 

Che R & D-to-sales ratio among the 
100 largest averaged 1.2%. The elec- 
tric industries ratio is highest, 3.4%, 
followed by chemicals, 2.4%, pharma- 
ceuticals, 2.3%, and precision ma- 
chinery, 2.1%. 

—John Yamaguchi, Tokyo Bureau 


Few basic engineering changes in ‘62 cars 


e There’s more variety than 
ever even though some com- 
panies are making fewer 


models. 


Detrroir—Even back in the mid- 
twenties, when some 200 companies 
were seriously producing autos, the 
consumer did not have statistically 
quite as much variety to choose from as 
is available this year. For example, 
one of the four basic Chevy lines is 
completely new and is a three-car 
series. Ford has added two new lines 
to fit between the standard-size and 
compact, and will add a Volkswagen- 
size car later. Only Chrysler, on a 
more limited budget, is not adding 
new lines. Here, the company has 
shrunk its standard Plymouth and 
Dart to a compromise 116-in. wheel- 
base, but is keeping two full lines of 
compacts. 

Aside from the variety, here is 
what’s new for 1962: 

¢ Bodies. The new Chevrolets, 
called the Chevy II, will have unitized 
bodies. The new line size is a few 
inches longer than the Corvair, but 
much bigger inside. Ford and Mer- 
cury’s new cars are using the Falcon 
shell, but will have longer hoods and 
trunks. Plymouth and Dodge Dart 


have had a total facelift and, inci- 
dently, shed 400 Ib per car in the 
process. Cadillac will be the only car 
with fins, and the new Chevy, as well 
as GM’s big compacts—Tempest, F-85 
and Special—have each added a con- 
vertible to existing models. 

¢ Engines. Ford has an all-new, but 
thoroughly conventional, cast iron, 
220-cu-in. V-8 as an option for its in- 
between-sized Ford and Mercury’s. 
Chevy II sports a 200-cu-in. six as the 
power option, with a four-cylinder 
unit as the standard offering. The four 
is a rework of the six with many of 
the reciprocating parts interchange- 
able. The standard Chevrolet can still 
be had with fuel injection as an option 
on hot-rod models. It can be coupled 
with a manual-shift, four-speed trans- 
mission and an aluminum radiator. 
Buick, plagued with production prob- 
lems on its aluminum V-8, is coming 
out with a cast iron V-6. It’s said to 
be about 200 Ib lighter than in-line 
sixes of the same output. GM will 
continue to manufacture the alumi- 
num engine for the Olds, and as an 
option for the Buick and the Tempest. 
Valiant and Lancer will be powered 
with die-cast aluminum slant sixes 
again this year. In general, the trend 
towards shedding unusable _horse- 


engineering news continued on page 8 


Polyester-glass body feature of new gyroplane 
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Plastic-skinned gyroplane was designed and built by Avian Aircraft Ltd, 
Georgetown, Ont, in less than a year. With a normal cruising speed of 130 
mph and a range of 480 miles, the two-passenger plane has an estimated 
operating cost of 6¢/mi. Reinforced Hetron, a product of the Hooker Chemical 
Corp, is used for the plane body. It was selected for its unusual combination 
of strength, light weight, and resistance to fatigue as well as its fire-retardant 
property. The polyester-glass combination eliminated expensive tooling and 
panel work on the multiple-curved surfaces of the fuselage. Applications include 
business travel, bush piloting, oil surveys and farming. 
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high-frequency 
alternator 


360 to 3300 cycles 


R&M package high cycle generators 
provide dependable current beyond 
the practical range of frequency con- 
verters. Rugged revolving field con- 
struction is used in ratings of 1500 cycles and lower. 
Ratings above 1500 cycles are brushless inductor design. 
Excitation of DC alternator field is provided by simple 
silicon rectifiers, protected against short circuits by time- 
delay fuses. For changing output frequency, R&M can 


furnish variable pitch pulleys or variable speed drives. 
R&M’s low-cost frequency converters make 220 volt-3 
phase-120 through 420 cycle power available from 60 
cycle supply . . . rated 2’2KW (horizontal construction ) 
5, 7% and 10KW (vertical). 


Write today for bulletin 515A-PRE! 
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ROBBINS & MYERS, IN C., Springfield, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies ot: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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power is continuing, but each maker 
keeps an out-and-out hot rod engine 
in production for the 7% of buvers 
who want them. 

¢ Drive train. Nothing much new in 
this area. All transmissions are located 
approximately in the same spot as last 
year, but both Chevrolet and Chrysler 
have new automatics of conventional 
but much slimmer design. Hotchkiss 
drive is the universal favorite, even on 
cars with four coil springs. 

¢ Stvling. Manufacturers are follow- 
ing what they call crisp, sculptured 
lines with a tendency towards fakerv 
such as embodying convertible top 
lines in a steel roof. Oddly, conver- 
tible tops are padded to cover the in- 
dentation of the bows. False rear-tire 
containers are gone, and windshields 


Camera catches nature 


Los Ancetes—Engineers at Space 
Technology Labs have developed a 
very high speed image converter 
camera that’s even capable of “stop- 
ping” and photographing a light beam 
at several points along its path. The 
camera, demonstrated here recently 
at the Univ of Calif, catches incredi- 
bly short-lived events by converting 
them from an optical to electronic 
image then reconverting them back 
to an optical image for reproduction 
on film. 

Both frame and streak photos are 
taken by the camera: frame, at ex- 
posure speeds varying from 3 to 200 


FOCUSING ELECTRODE 


o aris 
GATING 


EVENTS LASTING A FEW MICRO- 
MILLISECONDS are “caught” by 
STL’s image converter camera when 
the camera’s lens focuses light from 
an object on the photocathode of the 
converter tube. There the focused light 
is converted from an optical to elec- 
tron image. The electrons carrying 
picture information are next focused 


THE CASE OF CHEVROLET AND THE 
COMPUTER 


This year Chevrolet Div of 
General Motors Corp program- 
med a locally rented computer 
with a list of all the body and 
engine options, accessories, and 
color combinations offered by the 
company in its four basic lines 
of passenger vehicles. The idea 
was to come up with the number 
of cars that could theoretically 
be built without duplication. 
The computer nearly slipped a 
gear because the number of per- 
mutations stretched for all 
practical purposes to infinity. 


are smaller, giving less distortion. 

¢ Incidentals. Lincoln has a hydrau- 
licailly driven windshield wiper. Rear- 
window defrosters have been revived 


at its speed limit 


micromilliseconds and _ three-picture 
series at rates from 4 to 30 million 
exposures a second. Streak photos, 
which include the pictures of light, 
are taken at writing speeds of 4 to 
1000 mm per microsecond. Inter- 
changeable plug-in units give a choice 
of high-speed or  standard-speed 
framing pictures and high-speed or 
extended-time writing rates. 

With the camera, scientists at STL 
expect to photograph some tradition- 
ally unobservable events. Such photos, 
they say, may lead to discovery of 
new and unexpected phenomena. One 
of its prime accomplishments may be 


ACCELERATING E 


and accelerated to a fluorescent screen 
at the end of the tube, where they are re- 
converted to an optical image for film. 
The gating grid acts as an electronic 
shutter, permitting or preventing the 
flow of electrons. The electronic cir- 
cuitry, which feeds a fast-rising volt- 
age pulse to the gating grid, is the 
only limit to shutter speed. Exposure 


and bucket seats, fore and aft, will be 
a widely offered option. Alternators 
have spread from Chrysler only to al- 
most all cars equipped with air-con- 
ditioners. Over half the new models 
are using greaseless chassis bearings. 
Eight compacts and at least one stand- 
ard-sized car specify two-ply tires. 
These are just as strong because about 
the same weight of rayon is used, but 
rolling resistance is decreased and 
economy and ride improved. 

¢ Retrogression. Thunderbird, the 
leader in modern streamlining and a 
car that switched from a two- to four- 
seater by popular demand, will offer 
for the nostalgic, and at considerable 
extra cost, five wire wheels and a can- 
vas to cover the rear seats. 

Donald MacDonald, Detroit Bureau 


measurement of speed of light to an 
accuracy of one part per million. 
Precise measurement of light is im- 
portant to all space calculations from 
astrophysics to trajectories of mis- 
siles. Heretofore, it has been meas- 
ured over long distances on earth, 
hence is heir to inaccuracies in sur- 
instruments and in_ local 
expansion of the 


veying 
contraction or 
earth’s crust. 
The camera may also have im- 
portant engineering applications in 
photographing such phenomena as 
progress of a shock wave in a shock 
tube, the explosion of a wire from an 


time can be varied by varying the dur- 
ation of the pulse. A series of fast 
exposures can be obtained by deflect- 
ing the electron image to different po- 
sitions on the fluorescent screen—done 
by applying rectangular pulses to the 
deflection electrodes. Streak photos 
are obtained by pulsing the gating 
grid to positive potential (above). 
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instantaneous charge that produces 
a short-lived plasma, collapse of cavi- 
tation bubbles on ship’s propellers or 
hydraulic turbines. Electrical engi- 
neers may use it to measure wide 
variations in the periodic output of 
LASERs during their millionth of a 
second duration. 

(The camera is said to have a non 
technical legacy as well. Human 
imagination, as well as sensory ap 
paratus, is incapable of comprehend- 
ing the speed of light. A number of 
people watching the light photo 
graphing demonstrations say they 
have gotten for the first time a real 


British offer translations 
of Soviet journals 


Boston Spa, Yorxsuire, Enc—The 
Department of Scientific and Indus- 
trial Research here is offering sub- 
scriptions to translations of 17 leading 
Russian technical journals. The jour- 
nals give up-to-the-minute information 
on Soviet progress in steel manufac- 
turing, castings, welding, rubber and 
plastics, production engineering, ma- 
chines and tooling, instruments, con- 
struction, textiles, and others. 

The translations, report DSIR, are 
available from four to six months after 
the Russian originals. DSIR is also 
translating several Russian books, and 
has accepted requests for the transla- 
tion of some 900 pieces not included 
in the regular program. These activi- 
ties are supported jointly by DSIR and 
the US National Science Foundation. 

Among journals regularly translated 
are: Stanki i Instrument (Machines 
and tooling), $20 annually and avail- 
able from Jan 1959; Vestnik Mashino- 
stroeniya, (Engineering Journal), $24 
annually, available from April 1959; 
Uspekhi Matematicheskikh Nauk 
(Mathematical Survey), $32 annually, 
available from Jan-Feb 1960. 

Translated Russian books include: 
Flexural Vibration of Rotating Shafts, 
Introduction to the Dynamics of Au 
tomatic Control of Electric Machines, 
Increasing the Loading on Gearing 
and Decreasing Its Weight, and En 
Methods of Calculating 

Working Metals by 


gineering 
Forces in 
Pressure. 
Further information on the transla 
tion program is available from the Di- 
rector, National Lending Library for 
Science and Technology, here. iJ 
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sense of light propagation delay. 

In the equipment setup for photo 
graphing the flight of a light beam, 
the only apparatus required is the 
image converter camera and a row 
of mirrors at successively greater dis 
tances from the camera. A low-inten- 
sity flash from a light source travels 
to the mirrors and is reflected back 
to the camera. 

The camera is adjusted so it sweeps 
the image that’s being photographed 
from the top to the bottom of the 
film. ‘Ihe lght from the 
mirror is focused on the right side of 


the film 


ncarcst 


Light from cach successively 


more distant mirror is focused to the 
left of the first image. As the camera 
starts its downward sweep, light from 
the nearest mirror has the shortest 
distance to travel; so its image appears 
at the top right of the film. Shortly 
thereafter light from the second 
mirror reaches the camera and starts 
a second streak down the film pat 
allel to the first. At successive time 
intervals, light from cach of the 
mirrors reaches the camera and joins 
the group making parallel but delayed 
streaks Lhe from 
top to bottom of the film at a speed 


equivalent to 168,000 mps a 


Calicta sweeps 


Molecular ‘sliderule’ adds logs to multiply voltages 


Latest addition to Westinghouse Electric Corp line of molecular electronics 
components is its multiplier-divider. It is a solid slice of silicon about the size 
of the head of a thumbtack and as thick as a few sheets of paper. The multi- 
plying and dividing function performed by the new functional block is equiv- 
alent to that done by an array of four separate diodes, or three diodes and a 


transistor. 


The molecular sliderule (it adds voltages that are logarithms of 


the quantities to be multiplied as a sliderule does) has semiconductor junctions. 
Electric current fed into a junction produces a voltage across the junction 
proportional to the logarithm of the current. An input of two currents at 
two junctions gives a voltage which is the logarithmic sum. The antilog, meas 
ured at the output of the functional block, is the desired product. Input range 


is 10:1, 
within 5¢ 


output range is 100:1. 


Accuracy in multiplying and dividing is 








B.EGoodrich 


Hughes 269A compact, low-cost helicopter, designed and mass-produced 
by Hughes Tool Co., Aircraft Division, Culver City, California, utilizes extru- 
sions of rigid Geon manufactured by Ryko Products, Inc., Los Angeles. 
Portions of Geon extrusions are shown inset: @ aerodynamic shape is 


part of slat across cabin top: @ 


flat, notched sections contain and seal 


plastic canopy; 3) T-shaped section is part of tail boom spoiler. B.F 
Goodrich Chemical Company supplies the rigid Geon vinyl resin. 





Now even helicopters go “compact”— 
low-cost design features rigid Geon 


The manufacturer of this helicopter had a special design 
problem: how to save weight and cost while meeting the 
tough design requirements of aircraft. Engineers found 
the answer in rigid Geon vinyl. Lightweight and accu- 
rate extrusions of rigid Geon helped keep costs down. 
At the same time, their strength and resistance to 
weathering made them structurally and aerodynami- 
cally ideal. 

Rigid Geon vinyl extrusions are used to join—and 


seal—sections of the acrylic ‘“‘bubble’’, as well as for 
door frame retainers. Other extrusions form the aero- 
dynamic slat across the cabin top and the tail boom 
spoiler. 

Here’s another excellent example of the way that 
rigid Geon improves a product, reduces weight and 
costs. To get more information, write Department NO-5, 
B.F.Goodrich Chemical Company, 3135 Euclid Avenue, 


Cleveland 15, Ohio. In Canada: Kitchener, Ontario. 


B.EGoodrich Chemical 
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LINK-BELT Universal Worm Gear Speed Reducers 


d-way mounting 


flexibilit 


,, 
\ 


VERSATILE UNIVERSALS DELIVER MORE HP PER POUND, PER DOLLAR 


Three-way mounting flexibility gives Link-Belt Universals 
an almost limitless application range. With simple changes 
of oil-gauge and breather, they can be mounted with worm 
shaft below gear . . . with output shaft vertical . . . or with 
worm shaft on top of gear. 


Because of simple, compact design, Universals give you 
maximum hp in a small housing . . . more hp per pound, 
per dollar! Initial cost is low, minimum mounting space 
required. 


SEE THE YELLOW PAGES 


for your nearest Link-Belt office. Look under 
“Speed Reducers.” For full details on Uni- 
versals ask for Book 2824. And ask, too, 
about the many other speed reducers in in- 
dustry’s most comprehensive line! 
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Other design features include: automatic splash lubrica- 
tion, durable centrifugally cast bronze-alloy gears, hard- 
ened, ground and polished nickel-steel worms and adequate 
roller bearings. Single and double lip oil seals ride on micro- 
finished shafts. High capacity involute helicoid worm 
threads assure accurate engagement. 

Universals are made with 242”, 
centers. Completely assembled units—with ratios 10, 15 
20, 25 and 50:1—may be obtained off-the-shelf from 
nation-wide stocks. 


1 ” | 


3”) 312” and 4” shaft 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago !. To 
Serve Industry There Are Link-Bele Plants, Warehouses, District Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney): Brazil, Sao Pau!o 
Canada, Scarboro (Toronto 13); South Africa, Springs: Switzerlan 

Geneva. Representatives Throughout the World ‘ 
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DEVELOPMENTS TO WATCH 





Baby turbine braked by blower 


A miniature expansion turbine, with a rotor less than an inch in diameter, that will 
handle a gas flow of 530 cfm is under test at NBS Cryogenics Engineering Lab. 
Designed for ultralow-temperature service, it has a rotational speed of 3000 rps, an 
inlet temperature of —428 F and an expansion ratio of 15. Gas-lubricated bearings, 
provided with pneumatic phase-shift networks to assure stability at extreme rotational 
speeds, support the turbine shaft. A centrifugal blower absorbs the power and also 
serves as a brake. NBS researchers H. Sixsmith, W. A. Wilson, and B. W. Birming- 
ham described it at the Cryogenic Engineering Conference, expect it to find application 
in helium liquifiers and refrigerators and other low-temperature equipment. 


Aircraft voltages going up 
An increase of 50% in operating voltage of aircraft auxiliary equipment is likely in 
the next few years, Naval Research Lab engineers say. The reason: the weight 
savings such an increase would permit. 

As J. P. O’Connor of NRL’s Energy Conversion Branch points out, the earliest 
airplanes were equipped with 6-v dc systems. But, with increasing load requirements, 
the voltages were pushed to 28 v de and 208/115 v, 3-phase, 400 cps. 

But this is only a stepping point. A recently-completed NRL study shows that 
if the criterion of maximum utilization of copper or other conductor in the transmission 
system is used to establish the optimum system voltage, a further increase is well 
justified. The weight of wiring in the transmission system can be reduced to within 
5% to 10% of the theoretical minimum with only a moderate increase (50%) in 
present system voltages. 

O’Connor has worked out a simple system for determining the variation in weight 
of system wiring and other system parameters with changing voltage levels. A report is 
to be made available (as PB 155,012) through OTS, Dept of Commerce. 


New suspension reduces shock 


A wheel suspension that offers a dual-purpose mechanical advantage has been developed 
by Autoset of Birmingham, England. 

As indicated in the diagram, it’s a combination of a torsion spring suspension 
with a manually operated expanding brake, in such a way that it provides a mechanical 
advantage that helps to absorb road shocks and so reduces the size of shock absorber 
required to do the job. In this case, the “job” is towing aircraft. 

The unit was originally designed for use in connection with two fixed-direction, leaf- 
sprung wheel brackets at the remote end of a chassis which was used for towing over 
airfields at speeds up to 30 or 40 mph. It may, however, be made in any size and 
applied to other types of vehicles. 

The wheels, equipped with expanding brakes, are mounted on a horizontal fork that 
has a primary hydraulic shock absorber, and an auxiliary leaf-spring assembly. The 
horizontal head fitting has double tapered roller bearings mounted around a high-tensile 
steel spindle, and the wheels are fitted with precision ball journals. 











TWIN-WHEEL TOW UNIT can be manually braked by means of 


ratchet lever as shown here; or adopted for power braking systems. continued on page 14 
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hoover quality ball 


} og ot FN 


Hoover, America’s leading producer of balls, 
announces the availability of five important 
types of metal balls to serve the requirements 
of highly specialized applications. Advanced 
manufacturing techniques and rigid quality 
control methods are employed to meet Hoover 
Quality standards, the highest in the industry. 


In addition to the special balls presented here, 
Hoover produces balls in chrome steel, carbon 
steel, stainless steel, brass, bronze, monel and 
other materials in a wide range of standard 
sizes and grades. Two complete Hoover ball 
manufacturing plants provide ample capacity 
to handle even the largest orders. For complete 
information, mail the coupon. 


hoover & 


BALL DIVISION 
> O. Box 381, Middletown, Ohio 
heover ball and bearing company 
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@ PLATED BALLS for ornamentation, identification, chemical resistance 
and many other uses. Available with copper nickel plate, copper flashed, 
chrome flashed, chrome plate and black oxide surfaces 


@ DRILLED BALLS used in universal joints, water faucets, valves, 
ornamentation and other applications. Hole size and tolerances are 
dependent upon the material. 


@ POWDERED METAL BALLS made from various materials fill re- 
quirements for modified ball shapes at minimum cost. These balls are 
finished to customer specifications. 


@ SEMI FINISHED BALLS of hardened chrome steel or non-hardened 
low-carbon steel for low cost applications. They offer sound metallurgical 
properties for applications requiring loose tolerances at low running 
speeds. 


@ HIGH PERFORMANCE BALLS made from vacuum melted 52100 
bearing steels; tool steels of M-2, M-10 and M-50; stainless steels of 
316, 329 and 410. For elevated temperature, fatigue resistance and 
corrosion resistance. 


IDE EP GED CED GED ED ED ED GED ED GED GD CED CED SD 


Division 
Hoover Boll and Bearing Company, 
Box 381, Middletown, Ohio 
Please send information on Hoover Quality Balls 
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DEVELOPMENTS TO WATCH continued 





Liquid heats itself to protect motor 


An hermetically sealed switch that has a liquid-filled sensing bulb, located in the motor 
windings, has been developed for the refrigeration industry by Ranco Inc. 

The switch, normally closed, has an electrical resistance preselected so its sensing 
system heats up at a slightly faster rate than the motor it is designed to protect, and 
the liquid is chosen so that after the temperature reads about 245 F, the switch opens 
and shuts off the motor circuit. The temperature rise of the switch, Ranco says, is 
slightly above the 9 to 20 F per sec of motors under locked-rotor conditions. 

First commercial production—a 3 hp unit—is scheduled for this fall. 


New insulating systems show promise for space 


Multilayer insulating systems with a thermal conductivity no greater than 88 x 10° 
btu/hr/ft/F over the full range from —424 F to 2700 F were reported by L. C. 
Matsch of Linde at last week’s Cryogenic Engineering Conference. These insulations, 
he says “‘not only retain a very respectable thermal resistivity under a compressive load 
of one atmosphere, but also regain their full effectiveness after the load is removed.” 
This feature, he believes, “may lead to interesting applications in space technology.” 

Where cryogenic service (from room temperature down to —424 F) is the major 
requirement, even better insulation can now be achieved. One low-temperature sys- 
tem, for instance, has a thermal conductivity of only 1 x 10° btu/hr/ft/F, and will 
stand a considerable shock load as well. 

(Note: For more on cryogenic systems of this tvpe see, PE—Feb 2 ’59, p60). 


Motorcycles get stainless exhausts 


Stainless steel exhaust manifolds for motorcycles are under test in Britain, and 
The New Scientist says first reports indicate that engine performance, particularly 
acceleration, can be substantially improved, and top speed increased by as much as 
6 mph. The stainless manifolds cost more than chrome-plated mild steel—about $4.20 
more—but maintenance should, of course, be less. The company which produced them, 
T & T Tubecraft, Ltd, Woking, is so much encouraged by the results that it’s now 
started work on stainless silencers. 


ideas from old energy sources 


Windmills and geysers will get a big boost this week as the UN convenes its world-wide 
conference on New Sources of Energy. 

Windmills and geysers aren’t new, of course. Nor is solar energy, also slated to 
get a good deal of attention. But the conferees are bringing a good many new ideas 
for putting them to work. Attention will be focused on more practical appliances like 
the solar cooker pictured below; and on experimental devices like the pump at the right. 
UN hopes its conference will spur design and research, particularly on ways to store 
wind and solar energy. Best prospects: fuel cells, chemical conversion systems.-ARG 


SOLAR COOKER and water pump are among devices designed to put the sun’s rays to 


work. Multiple-mirror unit, right, concentrates heat on pump drive. Other applications 
under test: desalting water, smelting fine metals, producing electrical energy. 
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HOW LONG WOULD 
IT TAKE YOU 

TO WIRE UP 

THIS 

NEW 

MOTOR 


LESS THAN 


‘2 > 

So RARE. on cgi herd 
. ke Sr eaPact 
Sa ee 


60 SECON 


Tough yet lightweight aluminum means lower 
shipping costs, easier assembly line handling, 
lower production costs. 


Protective devices stay where they belong — 
inside. It’s the only polyphase motor with this 
built-in space. 


Burly bearing system keeps grease in the bear- 
ing for longer motor life. Bearings are pre- 
packed and double-shielded. 


Franklin motors come with the terminal board already wired. All connectors in 
up position—it’s wired 440V. All connectors in down position, it’s wired 220V. 
All you do is connect line leads. 


FRANKLIN’S NEW STAB-TYPE TERMINAL BOARD IS 
PRE-CONNECTED TO YOUR SPECIFIED VOLTAGE! 


You specify the voltage. We pre-wire the motor. Your pro- 
duction people connect three line leads and... that’s it! 
No costly hours lost on wiring and taping. Mistakes are 
virtually impossible. Wires can’t be crossed. 

When all stabs are connected in the up position, the motor 
is wired 440V. When all stabs are in the down position, 220V! 
Simple. See this new Franklin integral of aluminum and 
write for free color brochure. PE-8 


Franklin Electric Co., Inc. 


BLUFFTON, INDIANA 





Another Parco Pace Setter 


Parco's Research Engineers have done it! Not just an experiment but a fully operational high tensile 
strength bonded part composed of three different materials economically bonded in one operation. 
This unique Parco development now permits the advantages of Tefion’s anti-stick characteristics, low 
friction operation, durability and low wear to be combined with the resiliency of rubber and the 
rigidity of metal. The one last hurdle in Teflon’s universal application... its lack of resiliency ...has 
now been successfully conquered by Parco Engineers without the use of extraneous springs or com- 
plicated machining. 0 Consult your local Parco representative today and find out how this unique > 
bonding development can help solve your problems. 





Bonded 
Teflon + Rubber+Metal 


in one 
operation 


FLUOROCARBON DIVISION 
PLASTIC AND RUBBER PRODUCTS COMPANY 


2100 Hyde Park Boulevard, Los Angeles 47, Calif. + AXminster 5-4331 


"REGISTERED DUPONT TRADEMARK 
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WHAT’S HAPPENING IN RESEARCH 


Progress report on 
high-strength stainless 

Tensile strengths in excess of 310,- 
000 psi, with a yield strength on the 
order of 304,000 »si; and cold reduc- 
tions as great as 90%, can be achieved 
with the new 25% nickel steels. 

These are nonchromium steels, aus- 
tenitic at room temperature, and show- 
ing a tensile strength on the order 
of 260,000 psi, and an elongation of 
7% after heat treatment and aging. 
(The higher values are developed after 
cold working; and material so treated 
shows an elongation of about 3.6%.) 

Summarizing recent tests performed 
under government sponsorship, De- 
fense Metals Information Center says 
the 25% nickel steels appear especially 
promising for solid-propellant missile 
cases because of their combination 
of high strength, ductility, and notch 
toughness. Furthermore, they show 
good weldability and adaptability to 
such fabrication techniques as shear 
spinning. However, DMIC cautions, 
“the steels appear to be sensitive to 
variations in nickel and titanium con- 
tent, and homogeneous structures with 
no retained austenite are necessary to 
produce the optimum properties.” 


More toughness for 


titanium alloy 

Strength and fracture toughness of 
beta titanium (B-120 VCA) can be 
substantially improved by controlled 
heat treatment, Navy researchers re- 
port. The alloy is showing good weld- 
ability, too. B-120 VCA sheet and 
plate have been successfully welded by 
several methods. 

The picture isn’t all bright, though. 

This titanium-vanadium-chromium- 
aluminum alloy still cannot match Ti- 
6A1-4V in 800 to 900-F creep strength 
and low-temperature ductility. Tests 
at Joliet Metallurgical Lab indicate 
that 700 F is probably the top op 
crating temperature for long-term ap 
plication where creep is 
Creep deformation after 100 hr at 
130,000 psi is 1% or more. 


involved. 


More stability for 
fuels and lubricants 

A chemical that is already being 
evaluated as a high-temperature libri- 
cant, and can be used as an additive 
for combustion control, is now headed 
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for new tests in thermally stable and 
radiation-resistant compounds. 

The compound is ferrocene (tech- 
nically (C,H,).Fe, dicyclopentadienyl 
iron). It was discovered about 10 years 
ago, and was, actually, the first of the 
new organometallics to be evaluated 
for high-temperature applications. 
Now, its newest advocate, Ethyl Corp, 
has it in substantial pilot production, 
says facilities can readily be expanded 
to meet commercial needs. 

The chemical has unusual thermal 
stability, is soluble in hydrocarbons 
but not in water, and has relatively low 
toxicity. It’s diamagnetic, melts at 
343 F. Developmental price: $10/Ib. 
Expected commercial price: $2 to $4. 


briefs . . . 

Nickel-chromium wire, claimed to 
have “substantially greater ease of 
soldering and reduced noise level’’ is 
being introduced for potentiometer 


applications by Consolidated Reactive 
Metals. Vacuum-treated to produce a 
solderable, oxide-free surface, the wire 
is given a tensile strength in the 130,- 
000 to 180,000 psi range. Specific re- 
sistance at room temperature is 133 
microhm-cm. Standard diameters 


range from 0.000,45 to 0.010 m. 


Another warning flag is raised on car- 
bon dust by National Carbon’s re- 
search lab. Studies by NASA have al- 
ready shown that carbon particles fly- 
ing off pump vanes may create a seri- 
ous explosion hazard (PE—May 29, 
p 5). Now R. J. Bobka of National 
Carbon says that the fine particles 
worn off carbon brushes and other slid- 
ing-contact systems behave chemically 
more like activated carbon black than 
like the graphitized carbon from which 
they are torn—and the particles may 
be highly pyrophoric. It might be a 
point to consider in selection of mo- 
tors for hazardous areas —ARG 





Foil impressions show wear 


From Austria comes news of a “foil 
impression” method that gives a rapid 
indication of both lateral and circum- 
ferential wear on spiral-wound cables. 
The idea is a familiar one; but it’s sur- 
prisingly effective. 

Aluminum foil is wrapped around 
the cable and pressed against the wire 
with a piece of soft wood so the inter- 
section of the cable diameter with the 
flattened surface of the outer wires 
of the cable leaves impression strips 
in the foil. This makes it possible 
to determine the reduction in wire 


on cables 


cross-section by measuring the dis- 
tance between centers and calculat- 
ing the arc AB and comparing it with 
a similar theoretical arc A’B’ for new 
wires (see diagram.) The equation is 
Aa = 4 (A’B’ — AB) cos w 

Where @ is the angle between the 
wires and the axis of the cable. The 
cosine factor is necessary because the 
wire cross-sections are, in fact, ellipses 
rather than true circles. 

A report on the technique by J. 
Kastner appears in Montan-Rund- 
schau #7, p 218. 





Center 
™~astonce ~~ 











ALUMINUM FOIL is pressed against cable (left) and distance between 
centers is measured. Then lateral wear (Aa) is readily calculated. 
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OTe 


ission 


Most versatile 





transmission 
ever developed! 


ONLY ROTO-MISSION GIVES YOU 
ALL THESE FEATURES 


Concentric configuration 
Minimum size for a specified torque 
Reduction ratios up to 270:1 
Optional torque capacities for each reduction 
ratio 
Torques up to 21,850 lb.-ft. 
Requires neither driving pulley nov coupling 
Casehardened helical gears—ground after 
hardening for perfect engagement 
Reversible 
Progressive overload capacity to the extent 
that no breakage of gears can result even 
from the severest abuse 

@ *Ability to engage or disengage driving action 


—mechanically, pneumatically. hydraulically 
or electrically 


® *Ability to provide load releasing, load limiting 
or overload alarm 


@ *Ability to provide 2-speed operation 


*Standardized accessories to provide these features are 
available for all sizes of Roto-Mission from stock. This 
results in a single responsibility for installation 
performance. 











PATENTED 





This new rotary transmission design combines a 
wide range of reduction ratios, high torque capaci- 
ties, and excellent space-saving characteristics to 
give you more application versatility than ever 
before possible. It is designed to be concentrically 
mounted on a machine drive shaft in place of 
the drive pulley and operate this shaft at a reduced 
speed from that of the driving motor. For maxi- 
mum compactness and convenience, all its parts 
are inside the casing. 

The standard accessories available for each 
model of Roto-Mission add even greater versatil- 
ity. Through them you have systems—from a 
single source—capable of control functions that 
previously required a number of unmatched units 
from several suppliers. 

Because of its versatility and sound engineering, 
Roto-Mission permits you to solve design prob- 
lems far beyond the range of other transmissions 
—may even permit incorporation of features in 
your machines that have not previously been 
possible. For complete information on this new 
product—how it operates and how it can help you 
—write today for Catalog IR-61. 
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=<—PIRBORNE—— 


Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 
HILLSIDE 5, NEW JERSEY + Offices in Los Angeles and Dallas 
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[Another pump problem . . . solved by TUTHILL 


TUTHILL 
PUMPS 


For Positive Lubrication 
of New Brunner 
Multi-Drive Compressors 


The new Multi-Drive refrigerating compressors re- 
cently announced by the Brunner division of Dun- 
ham-Bush have been “‘engineered to insure extreme 
dependability, greater flexibility, maximum perform- 
ance characteristics, and highest quality’’. 

With these objectives naturally Brunner selected 
Tuthill lubrication pumps as an integral part of the 
forced feed lubricating system. Based on their long 
experience in working together, Brunner knew that 
Tuthill’s engineers would propose a reliable unit 
which could be incorporated in their new equipment 
with the greatest possible ease . . . and would most 
closely meet the performance characteristics de- 
manded by the application. 


Special features 
The Tuthill units finally developed reflects Tuthill’s 
proven ability to “‘Fit the pump to the problem’’. 
These are modifications of Tuthill’s model RLV, 
provided in two different sizes to cover the complete 
range of compressors. They have Tuthill’s special 
reversing feature . . . required in this instance since 
the compressors are designed to run in either direc- 
tion. At the customers request, they are provided 
with relief valves and a specially modified shaft 
extension. 

And a complete new housing was designed to in- 
corporate the unit directly into the compressor for 


Tuthill manufactures a complete line 
of positive displacement rotary pumps 
in capacities from 1 to 200 GPM;; for 
pressures to 1500 PSI; speeds to 
3600 RPM. 
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greatest possible ease of assembly and most attrac- 
tive appearance. 


Over 800 models 

Hundreds of industrial leaders like Dunham-Bush 
have learned the advantages of bringing their pump 
problems to Tuthill. For Tuthill offers a complete 
selection of over 800 standard models. . . plus ex- 
tensive engineering skills and experience in adapting 
these standard pumps to fit the requirements of 
special applications. There reliability has been proven 
by thousands of demanding applications including 
lubrication, coolant hydraulic, oil burning, circu- 
lating . . . the list could go on and on. 

Catalog 100 gives an overall view of Tuthill’s 
comprehensive line. Write for your copy today... 
or better yet forward details on your application 
for our engineering proposal. 
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TRENDS IN DESIGN 
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Card punching machine... 
makcs it possible to record right at 
point of origin in a form suitable for 
data processing all information in- 
volved in charge accounts, production 
operations, inventory contro] and other 
types of events and transactions. ‘This 
means that clerical and keypunching 
errors, illegible writing, smudged en 
tries are climinated, and all interested 
parties can check details immediately. 

All this is accomplished by inserting 
a pre-embossed IBM card in the slot 
provided in the top of machine's car- 
riage and a plastic identity card bear 
ing a hole pattern that represents card 
holder’s name and number in the side 
of the machine. Carriage is then de- 
pressed and variable data such as date, 
price, time, job number are entered 
by pushing number bars on keyboard 
down as far as they will go. Number 
bars need only be reasonably close to 
the desired digital positions, because a 


saw-tooth rack centers them automati- 
cally. A means of kicking this adjust- 
ment rack back out of the way is also 
provided, so that if error is made oper 
ator can reset. 

The holes in the identity card per- 
mit the round punches that record 
fixed identity data on top section of 
IBM card to pass through top three 
holes of punchplate. Rectangular 
punches pass through bottom six rows 
to record variable data. Pulling down 
lever at right of machine actuates 
punches. 

Housing is an ABS copolymer, 
molded in two halves. After removing 
six screws on the bottom of the chassis 
and taking off levers knob, housing 
can be lifted oft for servicing. Manu 
factured by Dashew Business Ma- 
chines, Inc, Los Angeles; industrial 
designers, Merendino-Greene & Assoc, 
Inc. South Pasadena, Calif. 
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Japan combines separate 
washer and dryer... 


units in a single housing to satisfy cer- 
tain requirements peculiar to Japanese 
households. Prices were held at levels 
below either separate washing and dry 
ing machines or single-unit washer 
dryers, such as are made in the US. 
Chis means that the Japanese machine 
is accessible to relatively low-incom« 
fami-ics, to whom the washer-dryer’s 
lower-than-usual electricity require 
ments (Japanese utility rates are much 
higher than in US) and its ability to 
fit into limited space are also import 
ant. As shown in sketch, washer is at 
left, dryer at right. Retailing at $97 
to $127 in Japan, the manufacturer's 
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(Matsushita Electric Industrial Co, 
Ltd) prices for the US market are not 
vet available. 


Washer 














Parcel post scale... 
computes postage for mail to 40 lb. 
lo resist rough handling and denting, 
a fiberglass-reinforced polyester hous- 
ing was specified. This material made 
possible an initial saving of 33 to 60% 
in mold costs, as compared with tool- 
ing for die casting and deep drawing, 
respectively. Mold cost includes pro- 
vision for forming both rectangular 
and circular openings in housing by 
inside pinch-offs so that they need 
not be cut out during finishing. The 
mold is more expensive, but the extra 
cost is more than recovered in savings 
in finishing. It also eliminated the raw 
edges that would have been left if the 
openings had been cut out. Housing 
was styled by industrial designers Lip- 
pincott & Margulies, Inc, New York, 
to take advantage of reinforced plas- 
tic’s tendency to bow in long, straight 
unsupported sections. Two priming 
and one finish coat of baked enamel 
provide a finish comparable to any 
that could have been achieved on a 
metal housing. One-piece front panel 
and bezel is a zinc-die-casting, and 
weighing platform is stainless steel 
Manufactured by Pitney-Bowes, Inc., 
Stamford, Conn; housing molded by 
Fiber Glass Co, Ashtabula, Ohio 
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STANDARD PANEL METER 
4° « 6° size, 0-100 Milliamps 


Beckman 


EXPANDED SCALE AC VOLTMETER 
34%" Ruggedized and Sealed 


BETA 


oo 70 O90 4 


5 201 


3? 


co 
miChOamrtnes 


COMMERCIAL PANEL METERS 
Beta ray indicator-4\" 


Beckman 


© 1 


NOW...THE RIGHT ANSWER 
TO YOUR METER PROBLEM 
HAS A CLEAN NEW LOOK! 


Here’s the clean, uncluttered look 
in meters—handsome appearance, 
sensible proportions. These 
meters are precision-built by 
Helipot—every one ruggedly 
constructed for lasting accuracy. 
All-metal frames, gasket sealed, 
steel movement enclosures, 

glass windows. 


Whatever your meter problem, 
you'll find the right answer at 
Helipot ; nearly 600 standard models 
that can be readily customized for 
your application. For routine 
metering jobs or for the most unique 
ranges and purposes—custom scale 
plates, special expansions, special 
calibration accuracies, multiple 
range meters. You name it. 


You get faster service at Helipot. 
Standard models are shipped 
in 30 days, specials in only 45 days. 


And you get better, more convenient 
service. At Helipot, the smallest 
order receives the same considera- 
tion as the largest. And the entire 
job can be handled through your 
nearest Helipot Sales Engineering 
Representative. Call him or write 
directly to Helipot for more details. 
Your meter problems 

are as good as solved! 


INSTRUMENTS, INC. 


HELIPOT DIVISION 


Fullerton, California 
POTS : MOTORS : METERS 
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READER TO EDITOR 





Another log code 


To the Editor: 

Mr. Davis’ clever type message: “‘bli- 
thelylightlightlylighttakeonetastybite” for 
setting up a log scale (PE—Apr 24 ’6], 
p 75) can be made simpler—and easier to 
remember. Here it is: 

Typist’s able digits help you to plot log 
blithelylightlightlylighttakeonetastybite 

F, Depew 

Allendale, N. J. 


Correction 


To the Editor: 

In the June-July issue of “OEM News” 
(published by Product Engineering for dis- 
tribution to manufacturers in the original 
equipment field), a statement was made 
that Shepard Niles Crane and Hoist Corp 
had been acquired by Ingersoll-Rand Co. 

Ingersoll-Rand did attempt to merge 
our company into theirs but enough 
Shepard Niles stockholders felt the terms 
were insufficient and voted against the 
proposal. I believe you will want to cor- 
rect your statement. —Cuaries C Lattin 

Advertising Manager 

Shepard Niles Crane and Hoist Corp. 

@ We were in error. As Mr. Lattin 
says, this merger was proposed but did not 
go beyond that stage. We regret any in- 
convenience caused to either company. 

—Ed. 


Price Isn’t Everything 


lo the Editor: 

This is to tell you how much I enjoy 
the magazine and to comment on the 
latest issue (July 17, 1961) to reach my 
desk. 

The section: “Points of View”, the 
question: “Where are your biggest prob- 
lems with purchasing agents?” Having ex- 
perience as head of the Purchasing Depart- 
ment for electronic R&D facilities for the 
past nine years, I found the replies to your 
question quite interesting. Among your re- 
spondents was one whose reply was 
reasonable and adult. I am afraid that two 
of the other gentlemen have found a con- 
venient scapegoat for sales problems. The 
third gentleman has one paragraph in his 
reply to which I can give a hearty “Amen!”’. 
He states “Engineers can help purchasing 
agents by being very specific and writing 
clear, concise specifications.” 

Unfortunately, the purchasing agent and 
buyer are as human as the engineer and 
salesman. They are guilty, upon occasion, 
of committing errors as gross as those com- 
mitted by any other group. The middle 
position occupied by the purchasing agent 
by choice) is an excellent point for ob 
servation, and as is usual with such points, 
an excellent target. My own experience, 
and that of my peers, would indicate that 
price is seldom, if ever, the single criterion 
used in R&D procurement. Price is, how- 
ever, certainly a consideration to the proj- 
ect engineer as well as the purchasing agent. 
The term “value” as defined by Adam 
Smith is the real criterion today. This is an 
oversimplification and a generalization, but 
is nevertheless pertinent and contains more 
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than a grain of truth. In R&D procurement | 
generally, the wise purchasing agent makes | 
use of the expert knowledge available to | 


him in reaching his decision. (a crystal ball 
with special clairvoyant properties is, how- 
ever, indispensable in evaluating delivery 


promises.) Thus decisions are made with | 
full knowledge of the engineering quality | 


of the proposals in question, the history of 
the respondents in meeting requirements 
and deliveries, the financial stability of the 
respondents and the balancing of the actual 
delivery promise and price of each respon- 
dent. All these and perhaps a visit to each 
respondent’s plant to evaluate the physical 
capabilities, work load, etc, by represen- 
tatives of Purchasing, Engineering and 
Quality Control. All this predates a major 
decision. Price? Definitely a factor, but 
hardly the factor. 
Name withheld 
Chief Buyer 


COMING EVENTS 





AUGUST 


22-25 ... . Institute of Radio Engi- 
neers, WESCON Electronic Show & Con- 
vention, The Cow Palace, San Francisco 


ee American Institute of Elec 
trical Engineers, Pacific General Meeting, 
Salt Lake City, Utah 


American Society of 
Mechanical Engineers and American In 
stitute of Chemical Engineers, Institute of 
Mechanical Engineers and Institution of 
Chemical Engineers (Great Britain), Inter 
national Heat Transfer Conference, Uni 
of Colorado, Boulder 


SEPTEMBER 


11-14 . . . Society of Automotive En 


gineers, National Farm Construction & | 


Industrial Machinery Meeting, Milwaukec 
Auditorium, Milwaukee, Wisc 


14-15 .... American Society of Me 
chanical Engineers, AIEE and IRE, Joint 
Societies Engineering Management Con 
ference, Hotel Roosevelt, NYC 


20-21 .... Institute of Radio Engi 
neers, AIEE and ISA, Industrial Elec 
tronics Symposium, Bradford Hotel, Bos 
ton 


25-28 .... American Welding Society, 
Fall Meeting, Adolphus Hotel, Dallas, 


l'exas 


For a listing of addresses of societies and 
associations send 25¢ to Product Engineer- 
ing Reader Service Dept, 330 W 42nd 
St, NY 36. Ask for brochure R 32. 
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Four views of the versatile new Torsion Auto-Shift Table 
and the heart of its exclusive new design principle. 


Efficient, Convenient, Contemporary 
.. . New Torsion Auto-Shift Table 


Advanced design—A searching look 
will tell anyone who uses a drafting 
table that this is the equipment he’d 
create, given the time. 

As any designer knows, simplicity 
is often difficult to achieve, and the 
appearance of sy ane f even more 


difficult. Both are found in exclusive 
features of the new Hamilton Tor- 
sion Auto-Shift. 

Tailored to the user— Unlike other 
designs, this is engineered, functional 
equipment for drafting, not just a 
drawing board slung on four legs or 
hung on a modified office desk. It is 
designed without compromise to pro- 
mote greatest efficiency by adapting to 
the work habits and convenience of 
the individual using it. Its special 
characteristics will speed drafting 
substantially over conventional 
equipment in a one-man or one hun- 
dred-man department. 

Unique features—The Hamilton 
Torsion Auto-Shift will counter-bal- 
ance, regardless of table angle or 
weight of board accessories. It is 
attached and pivots at only two 
points—atop twin elevating col- 
umns, easily raised or lowered by 
foot pressure through a 12” vertical 


SENSITIZED PAPERS & CLOTHS 


range. Operating and adjusting 
mechanisms are readily accessible— 
without the need for bulging sheet 
metal covers or protruding hard- 
ware. 

Stratacore® board — Further fea- 
tures include the new Stratacore 
drawing board .. . a light weight, 
linoleum-surfaced top of remarkable 
strength and stability. Slide-type 
reference surface can be used from 
front or rear. All drawers are re- 
versible for use from one side or the 
other. Tool and catalog drawers may 
be installed at left or right, or on 
both ends. 

Clearly, the new Hamilton Tor- 
sion Auto-Shift now offers even 
greater dividends for long-term in- 
vestment in space economies, in- 
creased drafting output and im- 
proved user comfort. 

Ask your Post dealer for full de- 
tails, layout aids and planning as- 
sistance to put this prestige drafting 
furniture in your near future. Or, 
write Frederick Post Company, 3642 
No. Avondale Ave., Chicago 18, II. 


— 


e TRACING & DRAWING MEDIUMS © DRAWING INSTRUMENTS & SLIDE RULES 


ENGINEERING EQUIPMENT & DRAFTING SUPPLIES @ FIELD EQUIPMENT & DRAFTING FURNITURE 


CIRCLE 23 ON READER SERVICE CARD 


23 





Gusher 


Coolant Pumps 
are 


PRECISION 
BUILT 








to 


© LAST LONGER 
¢ PERFORM BETTER 


ON YOUR MACHINES 


You get better performance from 
your GUSHER Coolant Pumps 
because they are precision built. 
The one piece shaft in GUSHER 
Pumps is electronically balanced 
to cut vibration to a minimum. 
Ball bearings are pre-lubricated, 
no seal or packing needed. Write 
for catalog. 


MACHINERY CO. 


* COOLANT PUMPS 
* CIRCULATORS + AGITATORS 
* MOLTEN METAL PUMPS 


1818 Reading Road * Cincinnati 2, Ohio 
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WHY DON’T THEY 





. an electronic shark warning for public 
bathing beaches. A sonar-like device would 
sense the presence of large fish (it would 
not be able to distinguish between sharks 
and other fish, of course) at a distance of 
about 2000 ft, giving bathers several 
minutes to swim for shore. The trans- 
mitting and receiving unit could be placed 
in the shallow water off shore and con- 
nected to a warning station on the beach, 
or the complete unit could be mounted in 

buoys anchored further out. A flashing light on the buoy would warn bathers 
to stay out of the water. © K Grapi 


. a flameless pilot light for stoves, ovens, furnaces, etc. Conventional 
pilot lights can be blown out, are easily clogged, consume fuel, and produce 
hotspots on stove tops. Also, household stoves have no thermostatic safety 
valve to prevent escape of gas if the burner and pilot should go out. Severai 
vears ago, a cigaret lighter was sold which used a platinum mesh as a heating 
element. The mesh was made to glow by drawing wood alcohol fumes past 
the wires as the user drew on his cigaret. A modification of this principle 
(simply a mesh placed over the jets on the burner) might work as an auto 
matic lighter which would not depend on electricity but still provide ignition 
in the presence of gas. R Marte. 


. a coating for house windows to limit rise in room temperature caused 
by incident sunshine. It could be similar to the half-silvered coatings used 
for one-way glass. It would reduce visibility from outside to inside but provide 
normal visibility from inside to outside. Like an awning, it would keep 
the room cooler and prevent fading and discoloration of drapes, rugs, and 
furniture placed near the window. A coating with a dull, mat finish might 
be developed that would do the job without objectionable glare or reflection. 
It could be sold to the homeowner as a do-it-vourself kit or windows could be 
coated by a factory representative. J EF Russo 


. a fast and economical method for bundling 
wires in cable harnesses. One possible solution 
would be wires treated with a heat-sensitive 
coating. A special tool would squeeze and heat 
the bundle, welding the wires together wherever 
the insulation touched. The tool would be 
designed to accommodate bundles of any di- 
ameter. A repair man could peel away unwanted 
wires and spot weld new ones, leaving the 
harness free of bands and straps. By contrast, 
present-day hand-laced harnesses are expensive 
and difficult to alter. Even plastic bands, al- 

though better, are bulky, unsightly and labor-consuming. And the new 
ribbon cables don’t fit well into complex wiring systems. —T N TYLer 


Have you a problem, based on known scientific principles, which seems to have an answer 
somewhere within the limits of present technology? To inspire inventors along worthwhile 
paths, PRODUCT ENGINEERING invites you to trade your problems with readers who have a 
fresh viewpoint or more time to experiment. We pay $10 on acceptance. 
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LASTING Eye Appeal 


PLEXTON oe 


multicolored textured finishe > 
for ene designers. 


* gS ae,* 


In little more than a decade. Plextone h: encore leis alan saul 
Tale leh. ear-L matali) EE DLAs pos. ited in new Colete 
ee cg greater durability, wider application. Today 
this texture 1, mu + 
ip ice) she) per ent. It 
aced olors > Sprayea 
> ju t one of man 

Nhipment. 


iplete data and hor 


Leadership in finishes since 1876 


MAAS & WALDSTEIN CO. 


2110 McCARTER' HIGHWAY, NEWARK 4, N. J. 


PRODUCT ENGINEERING + AUGUST 21, 1961 CIRCLE 25 ON READER SERVICE 





























Ne ll sh Ra: alien lil es tell Ba a 


> 
<4 
y 


- 
fue 
he 

& 


wand 


eeeeeey 


id 
K 
i 


J 





Bian 


- 


A nse, 











PRODUCT ENGINEERING + AUGUST 21, 1961 





Styron ... high impact Dow polystyrene 


streamlines production in deep-draw, vacuum-forming operation for Admiral 


The Styron® high impact polystyrene liner in Admiral Sales Corporation’s new nine-cubic-foot apartment- 
size refrigerator cuts production time by 90% and up-grades quality and product appearance at the 
same time. This new concept in thermal forming offers designers and fabricators unlimited opportunities 
for deep-draw, one-piece components. 

Using a new rotary vacuum-forming machine, and fifteen pounds of high-impact Styron 475B, Admiral 
deep-forms a one-piece refrigerator liner 461” high x 2334” wide x 20"%" deep in two minutes! Contrast 
the half-hour total production time and the reduction in float quantities required in this operation with 
the five hours’ total production time and twenty-two pounds of material required to fabricate the 
previously used liner. 

The finished design: a smooth, food acid 
resistant liner with built-in color that won’t 
crack, chip, or rust... with no joints... and 
with more efficient insulating qualities. 

Formed into the liner are the crisper rail, two 
shelf supports, grooves, a two-position Light stabilized panel, extruded of Styron Verelite*, enables this K-S-H 
freezer drawer slide rail, and four bosses for lighting fixture to provide a low brightness controlled light. 


mounting the evaporator. 
The unusual size of Admiral’s one-piece | . ) 
vacuum-forming operation opens the door to wn 
deep-drawn designs of even larger and more —— - ay 
complex shapes. May we add our experience ; be Ly ey 
to yours to help solve a design problem? a sii 


. . , , d . Transistor radio-phono combination b Wastebasket by Rubb d 
Drop us a line in Midland, Attention: Plastics Bell Products is enclosed in case of Styron« flexible, chip-resistant. easy-to- 
for good impact strength and brilliant clean Dow medium density poly- 


Sales Department 1721DZ8-21. color styling. ethylene. Letter tray of Styron. 


THE DOW CHEMICAL COMPANY <> Midland, Michigan 
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TyniSwitch 


BASIC for 
-. Product Engineers 


Design engineers searching: for com : “a aS 
Here is a precision miniature snap 


ponents to act as nerve centers for their switch available with a wide variety 
products are sure to find the value of of actuators which will shave space, 
yet perform dependably hundreds of 
thousands of times. It makes and 
aks breaks positively without bounce! 
who must control or indicate the pres- Ratings up to 15 amperes. 


sure or temperature of gases and fluids 


these American-Standard Controls Divi- 
sion products. This is true. of anybody 


or electrical energy. 
3 American-Standard 


CONTROLS DIVISION 


Solenoid Valves 


You can get detailed information on 
any of these products by writing 
American-Standard Controls Division, 
5900 Trumbull, Detroit 8, Michigan. 






Widely used in the appliance and vend- 
ing machine industry, these valves 
have the ability to provide a pre- 


* 
determined liquid flow without regard a a d 
to pressure. Brass, stainless steel or emo e Ga in 
nylon bodies. Wide selection of mount- 


ing brackets, line connections and Thermometers 


American-Standard 


CONTROLS DIVISION 





There are practically no limits as to 
the specialized applications for Roches- 
ter thermometers. This remote reading 
thermometer is hermetically sealed, is 
available in a wide variety of ranges 
and capillary tube lengths. 


American-Standard 


CONTROLS DIVISION 








Built to handle any job 
in the 172-, 220- or 
330-cu. in. range! 





172 CU. IN. 4-CYL. 330 CU. IN. 6-CYL. POWER UNIT 


DEPENDABLE FORD DIESELS... 


truly modern... truly economical! 


All three highly efficient and economical Ford Diesels 172 FOUR 220 FOUR 330 SIX 





—the 172-, 220- and 330-cubic-inch model—ofter such ENGINE SERIES DIESEL DIESEL DIESEL 


advanced features as: Basic Medel DD x Y 
COMPACT DESIGN .. . Ford Diesels develop more Type 4-Cyl. 0.H. Valve | 4-Cyl. Diesel | 6-Cyl. Diesel 
horsepower per pound of engine weight than ever [| Gere and Stroke—Inches 3.9 x 3.6 3.94 x 4.52 3.94 x 4.52 
before possible! Displacement— Cubic Inches 172 220 330 
SUSTAINED HIGH TORQUE ... necessary for “‘hang- Brake Dynamometer 59 @ 2400 62 @ 2400 99 @ 2400 
ing onto” heavy loads without stalling. a 30% Dyn. BHP 47 @ 2400 49 @ 2400 79 @ 2400 
SUPERIOR STARTING ... all Ford Diesels offer a Torgue Dynamometer 140# @ 1200 | 151# @ 1600 | 236% @ 1600 
12-volt electrical system for faster starting. 90% Dyn. BHP | 112% @ 1200 | 121% @ 1600 | 189% @ 1600 


GREATER ECONOMY ... such features as Free-Turn Compression Ratio 16.8 to 1 16 to 1 16 to 1 
overhead valves and replaceable cylinder sleeves re- 
YOUR JOB IS WELL-POWERED 


duce maintenance and downtime, increase engine life 


and provide easier servicing. WHEN IT’S FORD POWERED! 


PARTS AND SERVICE .. . high quality, low-priced 
Ford parts are as near as your Ford Dealer, for 
service when you need it! 


















































For peak performance all the time, and the mini- 
mum in downtime, call or write us today. We'll be INDUSTRIAL ENGINES 


' : ‘ob! 
happy to help you select the right power for your job! AND POWER UNITS 


INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 135, DEARBORN, MICH. 
>» FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 
~ FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 





(C West of Rockies write to: 
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THESE TOUGH, 
HIGH-CONDUCTIVITY 
COPPERS ARE MACHI 


A semi-conductor base is a typical k NA 


application of electrical copper de- 
manding — 


* strength to withstand high torque, 
* high thermal conductivity, 
machinability. 


Ideal for such requirements are these 
five alloys from Anaconda: 


DLP Copper-104 (deoxidized low 
phosphorous) 

OFHC* Copper-120 (oxygen-free 
high conductivity) 

Tellurium Copper-127 

Chromium Copper-999 

Amzirc* (Zirconium Copper)-134 


Each of the above provides a slightly 
different combination of desirable 
properties, and all can be machined as 
required to achieve necessary accuracy 
and maintain reasonable production 
costs. 

Anaconda Specialists can help you 
select the right alloy and form of metal 
—and the manufacturing method best 
suited to meet your design and fabri- 
cation problems. They can help you 
utilize cost-cutting techniques, such as 
roll threading of studs, and advise you 
on welding and brazing procedures. 
Whatever your problems, Anaconda 
offers specialized technical help. 

Anaconda Publication C-34 provides 
useful data on composition, typical 
physical and mechanical properties, 
forms available, and fabrication meth- 
ods. For this publication, or technical 
assistance in applying these electrical 
coppers, address: Anaconda American 
Brass Co., Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. sa 


*Trade-marks of American Metal Climax, Inc 


ANACONDA S) 


XN ; 
AMERICAN BRASS COMPANY ~~: 


. 


, 
\e 





30 CIRCLE 30 ON READER SERVICE CARD PRODUCT ENGINEERING - AUGUST 21, 1961 





P 





EN 
AUGUST 21, 1961 


Old Man Noah 


Noah was perhaps the first patriarch to have need of a computer, initially to calculate 
the details of his ark and later to compute for Mrs Noah the amounts of hay, grain and 
feed required to carry the ship’s company th-ough a voyage of indeterminate duration 
under conditions of constant downpour. A slight miscalculation on food for the pre- 
datory passengers might, for example, result in extinction of some smaller species. 

Noah must have been an engineer, because we read of no computing equipment 
beyond his own good sense. Under today’s conditions, however, he’d have had three 
or tour advisory and control committees, a dozen union stewards and as many specialists 
assisting. There'd undoubtedly be representatives of the ASPCA and a temperance 
society to worry over overcrowding and Noah’s reported weakness for spiked nectar. 
There'd have been government regulation and taxes from the Euphrates to Ararat. 

And there’d be a computer. 

There’d be cards and tapes for feed rates, gestation periods, prevalence of seasickness 
and effects, cubic space occupied, food preferences, mold rates, noise levels, air con- 
sumption. And Noah would have been buried under reports on population, food stores 
and condition, feeding rates, rainfall, humidity, drift and direction, estimated time of 
arrival at Mount Ararat, rate of wear on the ark, frequency of illness and duration by 
types and sexes, ad infinitum. They’d have driven him to blindness and drink—if the 
ark ever got off the ground. 

This is not as facetious as it sounds. There are engineers today who have too much 
help and advice, too much data, too many answers, some of them influencing design 
too strongly, others delaying or preventing decisions. The original need is obscured in 
a flood of progress reports and paper work. The original problem is forgotten in a whirl 
of interesting, costly, and confusing pieces of test equipment. 

“Old Man Noah” did know “‘a thing or two,” among them when to stop research and 
start production. He finished design and construction within the available time, materials 
and cost, and the product met service and reliability requirements that were at best 
indeterminate. We need his like today. 
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the 700 BC ruins of the library at 








Historical Note 
The Flood is not legend, but fact, sup- 





ported by archeological studies. Woolley, 
in 1929, found a 10-ft stratum of mud 
or silt—obviously flood residue—beneath 
Ur of the Chaldees, corresponding to the 
date of 4000 BC. Shards above the silt 
are from pottery made on a wheel, those 
below from hand-formed pottery. Ex- 
plorations indicate the flood covered the 
valleys of the Tigris and Euphrates 
rivers, an area of 100 by 400 miles, “the 
whole world” of people of that time. It 
was probably caused by a cyclone in the 
Persian Gulf. A similar cyclone in the 
Bay of Bengal in 1876 drove a tidal wave 
50 ft high up the Ganges, flooding an 
area of 141 sq mi and killing 215,000 
people. Winds were so strong they shat- 
tered masts on ships 200 miles from the 
center. The Epic of Gilgamish, found in 


Nineveh, describes a flood and tells a 
story startlingly similar to that of Noah. 
There have been many “sightings” of 
a “great ship” in the ice cap of Mount 
Ararat. Flyers in both world wars claim 
to have seen it; Nicholas II sent an ex- 
pedition which is supposed to have 
photographed it; expeditions have gone 
up fruitlessly within the last ten years. 
Some 80,000 works in 72 languages speak 
of the flood; 70,000 mention the wreck- 
age of the ark, reported in the Bible 
to be 300 x 50 x 32 cubits, roughly 450 
ft long by 75 ft wide by 48 ft high, a 
real engineering project. (The cubit, dis- 
tance from elbow to tip of middle finger, 
was 20.7 in. in Egypt, 18.22 in. in 
ancient Greece, 17.58 in. in Hebrew, 


17.5 in. in Rome.) 











Now, the strongest bridges are the fastest to build because they’re... 
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GUARDED BY GALVANIZED STEEL 


Galvanized steel sheeting—long used for permanent concrete 
forms in building construction—has now been adapted to do 
the same job for bridge engineers and with remarkable success. 


On bridges and their approaches, a heavier gauge sheet is used 
with deepened corrugations for added strength. This new form 
assembly is not only strong enough to support heavy concrete 
slabs, but installation takes only half the time required by other 
types of form work. 


The strength and excellent corrosion resistance of galvanized 


MIDWEST STEEL 


Portage, Indiana 


steel is also winning increasing acceptance in a wide variety 
of architectural uses as well as in other areas of highway con- 
struction, such as culverts and guard rails. 


WEIRKOTE® IN PARTICULAR is one galvanized steel 
that’s especially well suited to all these applications. Made by 
the modern continuous process, it can be worked to the very 
limits of its steel base without losing even a chip of its zine 
protection. Weirkote is made by two National Steel divisions: 
Weirton Steel and Midwest Steel. For further details, write to 
Weirton Steel Company, Weirton, West Virginia. 


WEIRTON STEEL 


Weirton, West Virginia 


Divisions of 


NATIONAL STEEL CORPORATION 
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r rovnoue or... angle 
and 

position 
measuring 


TRANSDUCERS 


Here are 40 ways to keep track of ma- 
chine movement, or to establish position 
of an object. 


® We can thank machine-tool-control designers 
for an unprecedented array of new devices that 
control and measure position. How do they 
work? What are their important characteristics? 
How do you choose one for a particular applica- 
tion. There is only one way: Put them side by 
side with all known ways of positioning—from 
potentiometers to light-wave interferometers—and 
compare. There is hardly an automatic machine 
built today that doesn’t have a position control 
on it—but is it the mght one? Check these and 
see. 


The position transducer 


Not all position-measuring devices are trans- 
ducers—they don’t “convert from one system of 
energy to another’. But if a device can be used 
to measure and control, it is included here. Count 
ers are one example; they aren’t transducers, but 
are frequently used for positioning. 

Only the measuring transducers are included. 
Limiting devices such as proximity switches will 
be the subject of a future article. Tracer heads 
are also left out here—they are for following and 
not measuring. 

First section is on rotary transducers—counters, 
synchros, digitizers. Second section covers linear 
transducers—linear pots, helical transformers and 
the rest. Analogs are not separated categorically 
from digital devices: if a device varies its output 
signal gradually and depends on a voltage reading 
or a null for final position, it is an analog device 
(this includes all induction transducers, potenti- 
ometers, phase-shifters and capacitance probes). 
Digital devices have distinct on-off output sig- 
nals, and include mechanical counters, encoders, 
optical gratings, simple gear-tooth counters. 
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“Repeating analog” is a variation of analog. 
Here the output pattern is repeated continuously 
until the end of the motion. Auxiliary devices, 
such as geared pots, count the cycles for most 
repeating-analog transducers. 

Accessories are not covered here. ‘They are 
too varied and are not always supplied with the 
purchased position transducer. But keep these 
facts in mind: many induction and capacitance 
transducers require 400-cps supply frequencies or 
higher—some in the kilocycle range; transducer 
output signals usually have to be amplified and 
modified, often elaborately, before they can be 
used in a control; encoders and digitizers require 
memory storage and counters at least, to process 
the position signal. 
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ROTARY POSITION TRANSDUCERS 


mechanical 





Counter 


COUNTERS are the simplest digital visual-readout de- 
vices for shaft positioning. They are coupled or geared to 
the shaft and can have any desired resolution within the 
limits of the gearing. A counter has no error, but measur- 
ing systems using counters are usually limited to 0.0001 in. 
accuracy because of rack and gear tolerances. 


variable induction 





Rotary induction position transducers (and linear too) 
work on the same principle as transformers: Alternating 
current in one coil (the primary) induces alternating 
current in an adjacent coil (the secondary). In most posi- 
tion transducers the coils are mechanically separate— 
the induced secondary voltage vector varies with 
the physical position of the secondary winding rela- 


Shatt being positioned, 


a 


Induction 


variable resistance 





Wirewound 


Resistance Pot 


_ Film type 


ROTARY POTENTIOMETERS, divide voltage in propor- 
tion to position of the sliding brush along the resistive ele- 
ment. (This also applies to linear which are 
“stretched-out” versions of a rotary pot.) Pots are usually 
simple, will work on ac or dc, and are well understood. 
Costs range from a few dollars to several hundred—de- 
pending on design and accuracy. Accuracies can be in 
tenths of a percent of full travel. One problem with 
sliding-contact transducers of any type is wear 


pots, 


particu- 
larly if the slider hovers near a single point. For normal 
positioning applications, this is not a problem, because 
the device is not used constantly, and adjustments can 
be made to change the point of wear. Film-type pots are 
less sensitive to wear: the coatings are relatively thick; 
and damage at a single point will not open the circuit. 


tive to the primary. This po- 
sition can be deduced ac- 
curately with external elec- 
trical instruments. Ex- 
amples of induction-type 
devices used as _ position 
transducers are: synchros, 
resolvers, induction potenti- 
ometers, differential trans- 
formers (here the coils are 
not separable), and the spe- 
cial linear transformers 
sketched on p 39. 


Either rotary or linear ac- 
tion is available in most 
types. For instance, a linear 
resolver is in effect a 
“stretched-out” rotary re- 
solver. The accompanying 
brief discussion of individual 
types is based mostly on ro- 
tary transducers but also ap- 
plies in general to linear. 
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A SYNCHRO resembles 
a 3-phase motor, but its 
function is to produce an 
electrical output corre- 
sponding to the angular 
position of its shaft. This 
electrical output can be 
modified electrically and 
used as input to a servo 
element of any type, or can 
be fed to a second (re- 
peater) synchro’ which 
moves its own shaft to cor- 
respond with the shaft po- 
sition of the transmitting 
synchro. 


RESOLVERS are similar 
to synchros — they “re- 
solve” shaft angular posi- 
tion into electrical vectors. 
A resolver has two coils in 
the stator at right angles 
to one another; a synchro 
has three coils, 120° apart. 
They are functionally simi- 
lar and the terms synchro 
and resolver are often used 
interchangeably. Typical 
cost is over $100, and elec- 
trical accuracy is in sec- 
onds of arc. 


INDUCTION POTENTI- 
OMETERS (see PE—Aug. 
54 p 130) are single-phase 
resolvers with a voltage 
output that varies linearly 
with shaft 
least for the 45 
side of null. 


position — at 
on either 


SYNTHETIC TRANSMITTERS, called “digital transformer networks” often replace the 
rotating variety. Stepping relays (or the equivalent) select transformer taps, and the 
resulting voltage signal is identical (in phase and amplitude) to a hypothetical synchro 
or resolver output for a given shaft position. Such networks can be more accurate than 
the resolvers and synchros they replace. 
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Coarse - fine arrangement 


Coorse reading (pot) 





Transducer 
output 


Rack travel _.— 
Application of Rotory Transducers 


COARSE AND FINE ROTARY TRANSDUCERS are 
combined to increase range and improve accuracy of a 
positioning system. Synchro is the fine sensor and turns 
many revolutions for each pot revolution. Accompanying 
graph shows how voltage output of pot changes graduaily 
while synchro passes through many complete voltage 
cycles. Pot output indicates rough position of rack but is 
not sensitive near null. An error-sensing control switches 
off the pot when the null is nearly reached, and the more 
sensitive synchro takes over for final positioning. 


DIFFERENTIAL TRANS- VARIABLE - RELUCT- 
FORMERS are rotary or ANCE position transducers 
linear induction transduc- vary in output with rotor 
or plunger position because 
impedance of each coil leg 
is affected by the amount 
of magnetic iron in its ac 
field. They are not “induc- 
coil (the primary) is ener- tion” devices in the full 


ers-that normally have a 
wound stator with three 
coils and a movable mag- 
netic-iron core. In the ro- 
tary version, one stator 


gized with ac; there is in- sense, but they fit that 
ductive coupling with the ‘ategory better than any 
two secondary stator wind- other. Bridge circuits per- 
ings via the iron rotor core, form the readout. Costs are 
and output depends on lower than for the dif- 
rotor position. If the rotor ferential type 
is centered output is ap- 

proximately zero. Output 

increases with the rotor 
movement—phase depend 

ing on direction, Typical 

cost for a rotary differen- 

tial transformer is over 

$200 or $300. 
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electrical digitizers and encoders — 


Digitizing means convert- 
ing shaft rotation — an 
analog quantity—into dis- 
tinct digital or pulse quan- 
tities. Encoders are digi- 
tizers whose outputs are 
in binary or decimal code. 
Digitizing is done with ro- 
tating disks that have dis- 
crete points built-in. These 
points can be holes, slots, 
gearteeth, magnetic spots, 
conductive areas, or any means of generating a pattern of 
pulses of light, electricity, or magnetism. Simplest ex 
ample is the ordinary tap-switch: shaft rotation operates 


Terminals 


Shatt being positioned 
Tap Switch 


electrical contacts in sequence. 


Encoders 


_—.. Brush rototes 
with shaft 


10:1 Gearing 


10 Decimal bars 


One commutator and brush 
for each significant digit 


Brush-type 
gray-binor y 
encoder disk 
(segment ) Non - contacting magnetic 


encoder disk 


BRUSH-TYPE ROTARY ENCODERS have electrically 
conductive and nonconductive areas arranged in a pat- 
tern on a disk. The pattern is in code (binary, decimal, 
binary-decimal, or gray scale). Although each type scale 
is important and different, most will resemble one of the 
sketches. The tracks (four are shown in the gray binary 
version) each have at least one brush, and the electrical 
circuit is completed through the brush when it contacts 
a conductive area. Either the brush or disk will rotate 
with shaft. Note that there is a different pattern at each 
angular position of the coded disk. With gearing and 
multiple disks, half a million discrete indications can be 
generated in a single revolution of the main shaft. 
Brush wear is a problem, but most encoders are only 
operated part of the time. Typical life is 500 to 2000 hr at 
speeds of a few hundred rpm. Costs range from ove! 
$100 to about $3000, depending on the number of disks 


NON-CONTACTING-MAGNETIC ROTARY ENCODERS 
are similar to the brush-type in appearance and operation, 
Ilowever, instead of “brushes” the pickups are magnetic 


continued next page 
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electrical digitizers continued 





coils, and the disk is magnetic material etched or ma- 
chined with coded pattern. The impedance of the sensing 
head changes when a machined-out portion of the scale 
is underneath. Costs are similar to those for brush-type 
encoders, but size is many times larger and the readout 
circuitry is not as simple. Life is longer—typical is 10,000 
hr at 10,000 rpm—because there is no physical contact. 


Counters 


_-~70 counter 


Proximity probe (magnetic or capacitive} 


geor teeth 


~shift angle encoder 


MAGNETIC-IMPEDANCE GEAR-TOOTH COUNTERS 
need no motion to detect presence or absence of a tooth. 
Magnetic heads sense impedance change when tooth is 
under head; external electronic counters keep track of 
teeth, number of revolutions, and direction of rotation. 
Number of teeth determines resolution—500 to 1000 teeth 
are typical. Speeds to 2400 rpm are not unusual. 


CAPACITIVE GEAR-TOOTH COUNTER is an electro- 
static tone generator that senses a change in capacitance 
as each tooth goes by. A thousand teeth are not unusual. 
The dual-gear (phase-shift) version works on the same 
principle. Theory is this: the two gears on the constant- 
speed shaft are integral, and each generates a constant- 
frequency signal in its associated stator. But the variable- 
phase stator is free to take any angular position relative 
to the reference stator, and the electrical phase of its 
signal will depend on this position. Phase difference 
between the variable and reference stators is a measure 
of angular displacement. One problem: there is a full 
360-deg relative phase change each time the shaft angular 
displacement moves through one tooth pitch with no way 
to distinguish one cycle from the next. To allow measure 
ments greater than one tooth pitch, one tooth is left out 
of each gear and ring—the “missing tooth” causes a dis 
crete pip each revolution. 
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Lero-rehe hole 
inner track} 


, Lampholder 
~ (lamps not shown } 


) Position -reading holes 


Shatt being 
positioned 


Geartooth counter 


Coded disk 


Lampholder 
(/omps not shown} 


Sample pattern of 
slots (each disk 
different) 


~*~ visual 
readout 


Aligned-slot 
readout device 


Optical Digitizers 


__ Actuators (input is electrical 
signal from part being 
positioned ) 


OPTICAL SHAFT DIGITIZERS are opaque disks with 
holes or slots to pass light. A small section on one face 
of the disk is illuminated, and photocells detect the 
presence (or absence) of a slot. The disks can be simple 
toothed gears, optical gratings (10,000 radial lines on a 
10-in. disk), drilled plates, or printed patterns on optical- 
glass disks in a complicated array of decimal or binary- 
coded slots that give thousands of discrete indications 
(in code) per revolution. 

Unusual visual-readout device is shown in the sketch: 
a sliver of light is transmitted through aligned slots (only 
one group can line up at a time) thus illuminating a dial 
face at the appropriate position with a pointer of light. 
Interesting fact is this: each disk has only two positions 

de-energized, and about 1/3 deg (about 1/1000 rev) from 
the de-energized position. Electrical actuators (controlled 
by signal from a commutator on the remote shaft being 
positioned) select which disks will move, and 512 discrete 
dial indications are possible with only 9 disks. 
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special rotary devices 


ELECTROSTATIC-COUPLING between the stationary 
driver disk and rotating coupler disk produces an elec- 
trical output that is a function of their relative angular 
displacement. Input voltage is applied to the conductive 
areas on the stationary disk (those areas above and below 
the sine waves); the resulting fields of potential are 
electrostatically coupled to the stationary output con- 
ductive rings via the conductive pattern on the rotating 
disk. The output is a voltage vector that always has the 
same amplitude but varies in phase with angular position 
of the rotating disk. (This is done with a 4-phase input 
whose effective ampltiude sum at the output is a con- 
stant.) Because phase is measured instead of voltage, 
voltage variations in the supply line will have negligible 
effect on accuracy. Final readout, with the help of ex 
ternal circuitry, can be in any desired form—analog or 
digital. Typical costs are over $15,000 but devices can 
be accurate to seconds of ar 


STRAIN-GAGE BRIDGE CIRCUIT on a torsion shaft in- 
dicates angular deflection as a strain reading. Angular 
deflections to 60° are possible (with torques less than 


lie 


16 oz-in.) and typical terminal linearity is 


LINEAR POSITION TRANSDUCERS 





mechanical 


ADJUSTABLE CAMS AND LIMIT SWITCHES signal 
the control when the desired linear position is reached. 
For most applications six positions are sufficient, and 
accuracy can be about 0.005 in. A typical control costs 
as little as $65. 
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by port being positioned) 


| ae 
Dimples on Tape 


DIMPLED METAL TAPE instead of adjustable cams 
operate precision limit switches to signal the controi. 
Accuracy is good—about 0.001-in. repeatability is claimed 
possible (depends on switch accuracy). Resolution can 
be 0.001 in. too, if only a few points are placed that clos 
several rows of dimples will be needed, and the precision 
switches must be staggered to avoid crowding 











mechanical continued 


Attached to port Precision rod of 
being positioned desired length 


‘Dial indicator 
/nside-type 
Micrometer micrometer 


adjustment ; 
Tob picks up bor : : 
ot desired slot Moster switch unit 


Port being positioned 
Pegged Meter Bar Fined Gage Rods 


SPACED PRECISION PINS in a meter bar insure accu- MECHANICAL GAGING is one of the basic ways to 
rate “coarse” positioning; an auxiliary device (it can be measure or preset length or position. Accuracy is limi- 
of any type) interpolates between the pins for “fine” ted only by the gage blocks or rods. Some machines 
positioning. For example, a star-wheel can move into automatically place the gage blocks in position at a 
mesh with any preselected pin, driving a rotary potenti- signal from the control—but it takes a lot of blocks. 
ometer or a linear resolver. Or a micrometer-adjusted Others (sketch above) have a limited selection of manu- 
tab (pictured) can pick up a pin on the meter bar at ally inserted gage rods, with a special micrometer adjust- 
just the right point, carrying the bar along until it hits ment for in-between settings. 





the limit switch. 





resistance 


DIAL INDICATOR with a built-in pot (pot shaft 
carries the pointer) is another way to get linear measure- 


ments with a rotary device. 





LINEAR POTS are stretched-out versions of rotary pots 

the sketches show how they are built. Some are 10 to 15 
ft long. Typical positioning accuracy for precision types is 
in tenths of a percent full scale or better. 


To port being 


PULLEY-DRIVEN POT has a wire or cord wound on 7 
positioned 


a constant-force spring-loaded pulley—similar to the re- 
turn pulley on a typewriter. As the cord is extended it 


rotates the potentiometer shaft. Pulley-Driven Potentiometer. 
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commutator 





CONDUIT } Blocked current indicates 
position of commutotor 


Seporator 
(insulotor) 
-Linear Commutator 


LINEAR COMMUTATOR depends on interruption of 
electrical current to indicate position—the insulating 
spacer does it. Or the spacer can be the conductor, the 
long bars the insulators; then current flow indicates 
position. 





Traveler: non-magnetic 
cylinder with imbedded 
smagnet ring (dotted tines) 


Permanent 
Mognet Follower 


PERMANENT-MAGNET inside a non-magnetic tube slides 
along a resistance wire (part of an electrical bridge cir- 
cuit) in response to movement of the external magnet- 
ring traveler. Position reading can be direct (voltage 
unbalance corresponds with traveler position) or nulled 
(servo-balanced bridge). Supply can be 115 v, 60 cycle ac. 
Transducers of this type can be submerged in water be- 
cause the coupling is magnetic and the tube is hermeti- 
cally sealed. One application is for measuring liquid level 
in tanks. Typical accuracy is about 0.25 in., and max stroke 
is up to 8 ft. Cost is over $125. 
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induction 





Armature 
(magnetic iron) 


Secondary 


——= Differential Transformer 
Primary 


EE i 
=== Variable-Reluctance 
| —_ — Sensor 
k+NEAR INDUCTION TRANSDUCERS are analog de- 


vices; sensing depends on voltages and nulls. Discussion 
on rotary types applies to linear too. 


Meter bor attached to 
port being positioned 


precision 
pins 


Pin Version 


INDUCTION-SENSED METER BAR has precision lands 
(or pins) accurately spaced. A variable-reluctance sensor 
or some similar device nulls at dead-center on each land 
with accuracies of about 0.0001 in. For interpolation 
between lands the transformer position can be adjusted 
with a micrometer, an electrical null shifter or by any 
suitable precision control. Auxiliary coarse controls are 
needed to guide moving part to proper land. 


continued next page 








induction continued 





SYMMETRICAL LINEAR RESOLVER has flat slider and 
scale, with the coils printed on in the form of hairpins. 
(The principles are the same as those for ordinary 
wound induction coils). The slider-coil pattern matches 
the scale-coil pattern, and a full cycle of voltage occurs 
each time the relative position changes by one coil. 
Position to within about 0.0001 in. is determined by sens- 
ing electrical null, and null can be offset electrically to 
occur at any point between two coils (interpolation). 
Medium and rough positioning to locate a given coil and 
a given scale section can be accomplished in two ways: 
with a slidewire, potentiometer, or synchro coupled or 
geared to the part being positioned; or with special coarse 
scales on the linear transformer itself. The coarse scales 
have wider-spaced divisions—up to 400 in. apart if neces- 


sary 


VERNIER LINEAR RESOLVER is also a hairpin coil 
transducer and is similar to the symmetrical version ex- 
cept that the slider does not have exactly the same pattern 
as the scale it slides along. Although the slider hairpin 
coils are the same width as those on the scale, they are 
spaced 0.001 in. closer. This 0.001 in. accumulates so if 
there are 25 coils in the slider, the total difference is 
0.025 in. compared with the length of 25 similar coils on 
the scale. By selecting particular slider coils, you can find 
nulls every 0.001 in. Interpolation between nulls gives 
resolution of about 0.0001 in., accuracies of about 0.0005 
in., repeatability of about 0.0001 in. Coarse positioning 
elements such as rotary resolvers bring the part within 
less than 1/16 in. of final position before the final control 
takes over 


PERMANENT-MAGNET-POLE SCALE and _ inductive 
sensor detect position of a part by comparing phase 
angle of alternating current induced in pickup coil with 
an identical-frequency reference ac in the command con- 
trol (not shown). Poles in scale magnetize this path: 
pole to screw land, through pickup coil, back to scale. 
A fluctuating field is needed to generate the current in 
pickup, so synchronous motor turns screw to cyclically 
vary the magnetic impedance (the screw action moves 
lands from one pole to next continuously). Pickup coil 
then generates ac. If sensing assembly is stationary, the 


40 


SYMMETRICAL LINEAR RESOLVER depends on trans- 
former effect: plated hairpin “coils” on one scale are 
electrically energized with ac, and signal is induced in 


coils of opposing scale. 


Sensing 
assembly 


Port being 
positioned 


Stotionory scale : 
alternate north-south 
poles. 





Permanent-Magnet-Pole Scale 


ac will have a fixed phase relationship with the command 
reference signal (external). But if the sensor moves to 
a new position, the phase relationship will be different, 
and this difference indicates the position change. (It is 
position and not movement that does it.) Device can 
detect part movement of less than 0.000,15 in. 
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HELICAL DIFFERENTIAL TRANSFORMER has a cyl- 
indrical bar with a double thread cut into the surface 
for the primary winding (winding is bifilar with both 
terminals emerging via sliprings at one end of the rod). 
The secondary winding (in the sliding sleeve) is also 
bifilar and matches the primary. The part being positioned 
carries the sleeve, and also rotates the cylindrical bar 
(with gearing): One turn of the bar is equivalent to a 
slider movement of one coil, and serves as an interpola- 
tion between nulls. Resolvers or induction potentiometers 
coupled to the bar help measure angular rotation precisely 
and establish which turn of the long winding is under the 
sleeve (coarse setting). Final accuracy depends on coil 
spacing and ability of slider to detect the electrical “null” 
preset by the control (fine setting). Accuracy can be 
0.0001 in., repeatability 0.000,05 in. 








Tapped Differential Transformer 


TAPPED DIFFERENTIAL TRANSFORMER primary is 
a continuous coil with precisely spaced internal taps con- 
nected to external switches which select the desired tap. 
If slider (the secondary) is not centered over a chosen 
tap, a voltage is induced in it proportional to the direction 
and amplitude of the displacement (position error). As 
the slider approaches the tap, voltage approaches zero. 
Points between taps are preset or located by biasing the 
null voltage with the control. Accuracy is about 0.001 in., 
repeatability about 0.0005 in. 
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optical 


ies 


LINEAR OPTICAL GRATINGS are fine rulings on a glass 
plate (up to 6350 lines per in. are available). Two such 
plates superimposed but slightly askew will show a fringe 
pattern of light when a lamp is held behind them. If one 
plate is moved along the other, the fringes move trans- 
versely with greatly magnified movement (each fringe 
moves completely past a given point with a plate forward 
movement of a single grating line). Photocells help count 
the fringes, and resolutions of 0.0001 in. are practical. 


LIGHT-BEAM INTERFEROMETER aims a narrow beam 
of light at a mirror attached to the object whose distance 
is being measured. The reflected beam is compared 
with the outgoing beam by measuring phase shift of the 
modulated light waves. Phase shift is zero if the total 
distance is an integral number of wavelengths (plus a 
constant). For in-between distances, the instrument can 
interpolate between nulls with accuracies of a few centi- 
meters at distances of hundreds of yards. Recent develop- 
ments (PE—July 3,’61, p 5) of optical masers (microwave 
amplification by stimulated emission of radiation) have 
produced extremely precise light beams that are narrow 
and have a pure waveform—important in long-distance 
optical measurements. 


continued next page 











special linear devices 


THERMOELECTRIC position sensor has four sensitive 
junctions capable of detecting the heat (from a beam of 
light) absorbed by a metal plate. Voltmeter signals de- 
pends on relative closeness of the heat spot to each edge 
(PE—Jan. 30’61, p 8). 


CAPACITANCE PROBES sense capacitance between the 
object whose distance is being measured and the probe 
face (capacitance varies directly with effective surface 
area and inversely with distance). High-frequency e'ec- 
trical supply and high-gain signal amplifiers are necessary, 
and the equipment must be calibrated for each object. 
However, distances up to 0.5 in. can be measured with 
1% accuracy and vibration amplitude (and peaks) for 
any machine can be detected with 2% accuracy up to 0.5 
in. away. 

A special capacitance probe (not shown) measures 
helicopter-rotor vibration. Located just beneath the 
blades, it measures distance (several inches), vibration 
amplitude, and peak-to-peak displacement. 

Another unusual example is the capacitance-type alti- 
meter (not new) built into some aircraft: it estimates 
distance to the earth by measuring capacitance between 
earth’s surface and that of probe. Best accuracy is at 
distances less than a few hundred feet. 


EXTENSION SPRING measures position indirectly when 
a force transducer senses spring tension or when the 
spring is electrically resistive and contact point changes 
with movement. 


For REPRINT of above article, just check 626 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: This is a state-of-the art report, not a 
detailed listing of products available. Most of the ideas 
shown are in patented devices; some are under license to 
specific manufacturers; others are available in commercial 
products, but usually sold for specialized applications. All, 
however, have concepts useful in design and might pro- 
vide that idea for which you were searching. Perform- 
ance and cost figures are approximate. For special in- 
formation on several position transducers see these pre- 
vious articles: 

Resistance Transducers, Oct 17 ’60, p 76—Discusses 
linear and rotary pots, and also an extension spring that 
increases in electrical resistance as it extends. 

Capacitance Transducers, Nov 7 ‘60, p 70—Gives more 
detail on circuit requirements for capacitance probes. 

Jigmill Dial Sets the Dimensions, July 6 '59, p 62— 
Describes meter bar on De Vlieg machine tool with pins 
every inch for accurate coarse-range position sensing. 

Mechanical Counters, July 24, 61, p 29, and Apr 17 ’61, 
p 41—rounds up counters for low to moderately high 
speed ranges. 

Induction Potentiometers, Aug ‘54, p 130—Describes 
theory and operation of rotary induction pots. 

Numerical Control! Dominates Machine Tool Show, Sept 
26 '60, p 36—Shows several applications of position trans- 
ducers. 

Look for articles to be published soon on synchros and 
on potentiometers. 
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for reliability ... 


WHICH kind of REDUNDANCY? 


There are two, sequential and functional, and either will 


improve reliability. To choose between them, first 


calculate the reliability improvement available with each, 


then weigh these pros and cons. 


R H MYERS, manager, reliability assurance 
Product Assurance—Aerospace group 
Hughes Aircraft Co 


ITEM: According to a recent report, the mean time be- 
tween failures for one of our best airborne communication 
systems is only about 200 hours. 

ITEM: Based on calculations, the 10,000-part guidance 
system of the Polaris missile would be only 1% reliable 
even if individual parts has a 99.9% reliability. 

The sobering conclusion is this: unless we can achieve 
better reliability of individual parts, large complex systems 
may be doomed before they start. The most promising 
practical solution at the moment is redundancy, a scheme 
in which load is automatically shifted to a spare part, 
circuit, or equipment when a failure occurs, 

The degree of reliability improvement available through 
redundancy depends on how you arrange the spares. One 
way is to couple the additional items through a switching 
device so they don’t come into play until the orginal one 
fails. ‘This is called sequential or standby redundancy. 
With the other method, called functional or full-time 
redundancy, all items operate continuously with (ideally) 
each one capable of carrying the load. 

The choice between the two alternatives reduces to a 
choice between two competing designs. On the one hand, 
using sequential redundancy you can back up the unde- 
pendable functional unit (a logic circuit, say, or a hydraulic 
servo system) with one or more standby units. Or, using 
functional redundancy, you can support each component 
in the unit (the individual transistors or hydraulic valves) 
with an array of identical components. Which design 
you choose will depend on the amount of additional relia- 
bility you need and what you're willing to pay for it. 


Reliability of sequential redundancy 


How much will redundancy increase reliability? Suppose 
the weak element in your design is the bistable multi- 
vibrator shown in the sketch on the next page. It com- 
prises 2 transistors, + diodes, 6 resistors and 26 solder 
joints. The circuit reliability R, is the combined product 
of individual reliabilities or 


R. = (Rr)? (Rv)* (Re)* (Rs)” 
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Substituting one-year reliability levels for each gives 
R. = (0.989,488)* (0.994,306)* (0.995,446)° (0.999, 
974)” 
0.9306 

And if there are 50 such circuits in the equipment, onc 
year reliability is R. = (0.9306)” 2.74% 

Assuming a constant failure rate, the formula for mean 
time between failures (MTBF) is 

=<” 

where R is reliability and T is its time interval. For the 
one-year reliability levels given, MTBF 2430 hours. 

Now suppose we wish to back up the 50-circuit equip- 
ment with 5 sequentially activated spare equipments. As- 
suming ideal switching the equation for reliability of sc 
quentially redundant equipment is 


T "BP )c e-TIMT BI 
— ) (7 SrSaee e 


where c is the number of equipments failing in time T 
and n is the number of spare equipments. ‘he equation is 
most easily solved with tables (F.C. Molina, “Poisson's 
Exponential Binomial Limit Tables,” D. Van Nostrand 
Co, NY, 1942). For values of n 5 and T/MTBI 
3.596, the tables give 

R, = 0.844,119 


or a failure probability of 15.53%. 


84.41% 


Reliability of functional redundancy 

The calculations for functionally redundant devices are 
much more complex and time consuming. But consider 
this simple example. A circuit contains a functionally 
redundant resistor array wired in series-parallel like the 
one shown on the input of the functionally redundant 
multivibrator. Each resistor can be in any one of three 
states: normal, failed open, failed short 
3* possible combinations of normal, shorted and open 
resistors. Some combinations allow the circuit to operate 
normally (with an allowable change of resistance) while 


Thus, there arc 
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the remainder produce circuit failures 

I'xamining each of the 81 possible alternatives, we find 
that there are 39 successful combinations and 42 that 
result in failures. Then, weighting each type of failure 
using a ratio of short failures to open failures of 1/23 
to find the probability of each combination and adding 
the probabilities for successful combinations, the reli- 


ibility of the resistor quad reduces to 
Pe ] 1.846.24 U* + 0.84576U* 


where U is the probability of failure (1 — reliability) of 
1 single resistor. Substituting published values for U gives 


R 0.999.962 99.996% 


K 

Ihe same method of analysis can be applied to more 
complex circuits but tabulating and combining probabili- 
ties for all possible combinations is a long, tedious task. 
\ 24-part functionally redundant circuit, for example, 
would require 3“ or about 300 billion combinations. Here 
the mode of attack is somewhat different. 

In this case, the reliability is calculated by analyzing 
the ways a circuit can fail, either by open parts or shorted 
parts. First, we write an expression for the probability of 
failure for each of the critical combinations which, if they 
fail by opening or shorting, can cause circuit failure. Then 
an equation is written which gives circuit reliability in 
terms of the combined product of each of these probabili- 
ties of failure. 

Though the equations can run several pages in length 
for a complex circuit, they quickly reduce to a relatively 
short, simple equation because of a large number of 
identical parts and, hence, identical expressions. 

tor the equipment containing 50 bistable multivibrators, 
the functionally redundant equivalent (a circuit with 6 
times the number of parts as the non-redundant version 
-but not necessarily 5 spares for each part) has a reliabilits 
of 73.11% or a probability of failure of 26.89%. 


Disadvantages of functional redundancy 


For the same weight and volume, then, sequential 1 
dundancy has nearly half the failure probability of the 
functionally redundant equivalent. But there are other con 
siderations. If you are considering functional redundancy 
vou should also weigh these 12 factors. 

1. Partial failures aren't detectable. This makes testing 
and inspection more difficult because the device will op- 
erate even if there are broken leads, cold-soldered joints 
or other assembly defects 

2. Failed components may change operating characteristics. 
Functionally redundant circuits must be able to tolerate 
wide swings in circuit values. If a circuit has 4 resistors of 
R ohms each connected in  series-parallel, the over-all 
value of the resistor quad will vary from 2R to R/2 de 


pending on which resistors are open O1 shorted. 


3. Survivors must carry increased load. Depending on 
how the redundant elements fail, load will either stav the 
same or increase. If it increases, the remaining elements 
will fail prematurely 


4. More heat is generated. With all the clements operat 
ing continuously, heat dissipation will increase in propor- 
tion to the number of redundant parts. The result is 
cither a higher operating temperature or the need for a 
design with increased cooling capacity. 
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THE TWO APPROACHES to the concept of re- 
dundancy are illustrated by these circuits of a bi- 
stable multivibrator. The nonredundant circuit is 


5. Design is more difficult, more costly. Because failures 
change operating characteristics, the design must be ver- 
satile enough to permit these changes without affecting 
performance. Moreover, such designs are not available in 
standard design “cookbooks”, so functionally redundant 
equipment will require more ingenuity and will be more 
expensive and more time-consuming to design. 


6. Failures may not be independent. Functionally redun- 
dant devices are not as resistant to environmental failures 
because all redundant parts are grouped together with 
operating parts. If vibration, temperature or humidity 
causes one element to fail, it will probably cause the others 
to fail too. Standbys in sequentially redundant circuits, on 
the other hand, can be widely separated to minimize 
hazard of environmental failure. 


7. Wear-out failure rate is not substantially improved. 
With all redundant elements operating full time, four 
short-lived elements are not much more reliable than one. 
The only advantage of redundancy under these circum- 
stances is that lifetime is determined by the life of the 
longest-lived element. 


8. Degree of redundancy is not easily changed after design. 
If tests indicate that additional redundancy is needed, a 
functionally redundant design will demand extensive re- 
design effort. In sequentially redundant designs, addi- 
tional redundancy can be inserted or removed to adjust 
the trade-off between weight (or cost) and reliability. These 
changes can be made late in the development stage with- 
out upsetting the schedule. 


9. Life tests are more difficult to make and interpret. Be- 
cause component failures do not cause circuit failures, 
it is difficult to determine lifetime of individual parts. 
The result is that causes of failure are hidden and cannot 
be easily corrected. This is not the case with sequential 
redundancy where part failures show up whenever a new 
element goes into action. Also, sequentially redundant 
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at left. The functionally redundant version, a portion of 
which is shown above, uses 8 transistors instead of 2 for a 
total of 72 parts, or six times that of the nonredundant cir- 


elements can be tested individually, reducing time and 
cost of producing test prototypes. 


10. Power supply must be larger. This can be a controlling 
consideration in satellites where size of power supply is 
limited by the present state of technological development 
and not by size, weight or cost considerations, 


11. Reliability analysis is difficult. As shown above, cal- 
culating the reliability gain for a functionally redundant 
device is substantially more difficult than for a sequentially 
redundant device. With sequential redundancy it is not 
necessary to analyze all the possible modes of failure. 


12. There is no protection against degradation failures. 
In functionally redundant circuits, the designer must an 
ticipate the effect of parts that do not actually fail (by 
shorting or opening), but have performance degraded to 
the point where it impairs circuit operation. There will 
be wide swings in the effective value of each multiple com- 
ponent. Sequentially activated circuits, by contrast, pro- 
vide backup protection for both degradation and random 
failures. 


Disadvantages of sequential redundancy 


Sequential redundancy has a number of serious draw- 
backs too. For example: 


1. Failure detection and switching devices are required. 
The essential ingredient in sequential redundancy is the 
switching device. It has two jobs to do: to sense failure 
in the operating component and to switch in its replace- 
ment. This can be done several ways. One scheme is to 
provide a circuit that compares performance of identical 
operating components and automatically switches in a 
substitute for those that don’t measure up. Another way 
is to monitor performance individually, manually turning 
on a new element whenever an operating element fails. 
Either way, it is important that the switching mechanism 
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cuit. A block diagram of a sequentially redundant circuit 
with one spare is shown above. The sequentially redundant 
equivalent of the 72-part circuit would have 5 spares. 


have inherently high reliability to prevent degradation of 
the system’s over-all reliability. With an unreliable switch- 
ing mechanism, the reliability gained through redundancy 
may be lost in the switch. 

2. Shelf-life reduces anticipated reliability. If performance 
of an inactive element degrades with time, there may be 
little advantage to redundancy of any kind. The effective- 
ness of the replacement may be partially lost even before it 
is switched into the circuit. This is in addition to environ- 
mental effects such as radiation which would destroy both 
active and inactive parts. 


3. Downtime during switchover can be significant. With 
manual switching, it may take some time to discover a 
failure, switch in a replacement, and make the necessary 
adjustments. If it is important that the equipment remain 
on the air continuously, choose functional redundancy. 


4. Stored data may be lost. If the system includes a vola- 
tile memory, a failure in the power supply, for example, 
could destroy the stored information. Functional redun- 
dancy is preferred under these conditions. If sequential 
redundancy is used, there must be an internal or external 
means for restoring the destroyed information. 


It is evident that, depending on system needs, either 
method of redundance may have the advantage. Sequen- 
tial redundancy appears to be the best choice when cost and 
scheduling are critical. And functional redundancy is 
apparently the answer when continuous operation, despite 
failure, is important. In either case, the cost and weight 
penalty can be severe. Redundancy is not a cure-all but it 
is one of the primary means for improving our present 
reliability levels. 

EDITOR’S NOTE: For a complete report on reliability, 
what it is, how to design for it, how to improve it, how to 
measure it, see: “A Manual of Reliability,” May 16 ’60, p 65. 
Or, for a 32-page reprint of the article, send 50 cents to: 


Reader Service Dept, Product Engineering, 330 W 42nd 
St, NY 36. 
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Prove out “wagon” 
components in racer 


Controlled-center differential equalizes power and braking force for maximum safety 


and performance of 4-wheel drive station wagon. Racer (p 48) accelerates testing 
of parts and ideas before application in production vehicle 


CHASSIS-PLATFORM is welded structure built around a 
central spine consisting of two main longitudinal members 
plus transverse stiffeners. Drive shaft to rear differential 
runs between the longitudinal members and is supported by 
a bearing block at the center. Forward location and low 
profile of the flat engine plus transmission increase usable 
space. Chassis is designed for wide range of bodies. 

Rear suspension uses unequal length, nonparallel arms 
with the outer ends connected to a cast stub axle housing. 
The inclined upper arm is connected to a torsion bar 
aligned along the longitudinal members. Large angular 
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movement of the upper arm is also used to actuate a piston 
shock absorber. Flexible couplings at the differential ac- 
commodate motion of the half shafts during bump and 
rebound. Coupling also accommodates movement of the 
differential which is flexibly mounted to isolate the chassis 
from gear and vibration noise. 

Front wheels use aircraft-type, air-oil shock units which 
combine springing and damping. Air-oil units are connected 
to the upper arm; lower half of the suspension is an arm 
with a trailing reaction rod. The stub axle carrier swivels 
on the ball housing of the outboard constant-velocity joint. 
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CONTROLLED CENTER differential 
and freewheel devices prevent tire 
scrub, wind-up, power loss and exces- 
sive wear usually associated with 4- 
wheel-drive vehicles. In addition, brak- 
ing effort is equalized to the locking 
point despite variation in weight dis- 
tribution and road surface. 

Power from the engine is applied to pepsin 
the front and rear driveshafts through 6 ly aeeesseseeesaeeaeeeeee dg, —- 
a differential. The input is transmitted SS VUZE N 
through the constant mesh idler, on SN 
the splined shaft, to a gear wheel in- 
tegral with the differential planet car- 
rier. Gears on the ends of the splined 
shaft mesh with the outer member of 
the free-wheel clutches. 

Under normal conditions the differ- 
ential turns as a unit since there are 
no sneed differences between front and 
rear wheels. Ratio between the input 
pinion and the outer member of the 
free-wheel clutches is such that with 
zero differential action the outer clutch 
member overrides the inner member 
fixed to the driveshaft, both members 
turning counterclockwise. Conven- 
tional inter-wheel differentials on front 
and rear shafts function normally. 

If one of the front wheels starts to 
spin, the front drive shaft speeds up 
and the inner member of the free-wheel 
clutch overtakes and begins to drive 
the outer member. This locks the 
clutch and the spinning wheel, without 
affecting the drive to the rear wheels. 
The rear free-wheel clutch functions in 
the same manner to prevent spinning 
of the rear wheels, 

If a rear wheel locks during braking 
the rear drive shaft and its sun gear 
slow down. This slows the splined 
shaft and the outer member of the for- 
ward free-wheel clutch, locking it. 


























FLAT ENGINE is 4-cyl opposed unit with a single 
camshaft operating the overhead valves through 
pushrods. Integrally cast cylinder block and crank 
case has an inverted U-shaped cross-section which 
includes hollow walled skirts and water-jacketed 
cylinders. Added stiffness is gained by locating the 
water ducts at the base of the inverted U. 

Integral transverse diaphragms are used to sup- 
port crankshaft and camshaft. Plain bearings 
clamped in split flanges are first assembled on the 


shafts. The shaft-flange assembly is then installed 
axially into the crankcase and the flanges bolted 
to the transverse webs. 

Pump impeller is mounted directly on the crank- 
shaft nose and moves water through the ducts at 
the crankcase base. Coolant then passes through 
integral passages to nozzles which direct the flow 
to the hot exhaust valve and sparkplug areas. 
Warmed flow is then ducted around the passage 
and to the radiator. 


continued, next page 





PRODUCT DESIGNS 


RACER TEST-BED has welded tubular 
frame with mounting pads for engine, 
suspension units, power train, auxil- 
iary equipment and skin. All sheet- 
metal is extensively drilled for light- 
ness. A 4-cyl double overhead camshaft 
racing engine provides high power- 
weight ratio. This engine produces 
max torque of 128 lb-ft at 5000 to 6000 
rpm and a max of 150 bhp at 7500 rpm. 

Power train for the 4-wheel drive is 
through fore-and-aft driveshafts offset 
along the left side of the chassis to per- 
mit a lower driver position. Inboard 
disk brakes at front and rear are con- 
trolled by an anti-skid unit. This unit 
is mounted on the center differential 
and controls hydraulic servos on each 
wheel to prevent the brakes from lock- 
ing when they are applied hard, 

Wheels are independently sprung on 
adjustable coil-shock units mounted be- 
tween the tube chassis and lower A- 
frames, Tubular A-frames are for light- 
ness required to provide the favorable 
sprung/unsprung weight ratio required Coil- 
for maximum road adhesion. Final shocks 
drive is by exposed half-shafts with a 
constant-velocity joint at each end. 

Fuel supply is from two _ tanks 
mounted on pads and retained by elas- 
tic shock cords. This allows the tanks 
to be easily removed for access to 
components mounted beneath them. 





A-frame 


Disk brakes 


Fuel tank 


Center ditterenti@l 


Rear drive shatt 


PS . . . Object of the unorthodox road racer is not to win races drive, anti-lock braking system, and low unsprung weight are 
but to gather data for future development. Nonslip transmission, featured. Project-99 grand-prix racer can produce answers to many 
brake system and suspension elements are tested under extreme questions that come up as development of the “estate car’’ (British 
loading conditions encountered in road racing. Ultimate goal is to for station wagon) continues. Production of 4-wheel drive units are 
develop safer propulsion and braking. On wet surfaces test car scheduled for 1963. Estate car and racer were developed by Harry 
stops from 45 mph in 149 feet compared to 230 feet for a con- Ferguson Research Ltd, Coventry, England. 

ventional car which slid sideways. To accomplish this goal 4-wheel 
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GAS or LIQUID-LUBRICATED 
BEARINGS? 


.».. new design charts give quick comparisons 


These charts, based on recent 
analytical solutions confirmed by 
tests, are helping GE’s engineers 
designs better gas bearings. But 
they are applicable to any type of 
fluid and can give quick compari- 
sons between air and oil bearings. 


DR BENO STERNLICHT, consulting engineer 
General Electric Co, Schenectady, NY 


® Here are easy-to-use charts for designing self-acting 
journal bearings employing any type of fluid for the sup- 
porting film. All important design parameters, such as 
load capacity, friction force and attitude angle, can be 
quickly calculated for prescribed bearing dimensions, fluid 
viscosity and ambient pressure. The charts are presented 
in a form that permits accurate comparisons between oil 
and air bearings—or for that matter, between any com- 
pressible and incompressible fluids. Three examples 
illustrate the method. 


Why gas bearings? 


In recent years, gas-lubricated bearings have found many 
new applications in five major areas: 

Extreme-temperature devices. Gas bearings can satis- 
factorily operate at temperatures even higher than 3000F, 
or as low as —454F’. Top limit for liquid lubricants (other 
than liquid glasses or metals) is approximately 600F; lower 
limited approximately —120 F. Gases have the added prop 
erty of increasing their viscosity with increase in tempera- 
ture. Liquids have the reverse property. 

High-speed devices. Relatively low viscosity of gases 
means that the power consumed is much lower than for 
liquid lubricated bearings—an important advantage because 
of the trend to high-speed machinery. Small, high-speed 
rotors have been operated at 500,000 rpm. Speeds to 
1,000,000 rpm in the near future are not unreasonable. 

Clean operation. Absence of possible oil drips and 
leakage is desirable in applications sensitive to contamina- 
tion or to fire hazards, such as in closed-loop compressors, 
and chemical and food processing. 

Unlimited-life operation. During rotation, mating sur- 
faces are completely separated by a thin film of gas. De- 
sirable in precision instruments where reliability and ac- 
curacy is of paramount importance, such as in gyros, 
accelerometers, pendulums, stable platforms. 

Operation in radioactive atmospheres. Liquid lubri- 
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Sore center 


Shott center 


‘min 
SYMBOLS 
hs Sides ae 
in. 
e = Eccentrieity, in.,¢ = «C 
F = Friction force, Ib 
hmin = ~ Minkaom film thickness, in 


= Sommerfeld number, dimensionless, 
WN CR 
P\ Se 
W = Load capacity of bearing, Ib 
«= = Beeentricity ratio, dimensionless, 


A= Campeniillite number, dimen- 


w = Angular velocity, radians /sec 


cants in such atmospheres frequently undergo changes 
which break down their lubricating properties. This is 
avoided when gases are employed. 

But gas as a lubricant has three important limitations 
when compared with liquid: 

e Its load capacity is lower 

eThere is a greater tendency to instability 

e Closer machining tolerances on bearing parts are 
required. 

Journal bearings discussed here are of the self-acting 
(hydrodynamic) type where the rotation of the journal 
shears the viscous film and generates fluid pressures within 
the clearance spaces which separate the two surfaces and 
support the load. 


The design charts 


The charts, and sample problems, show that the incom- 
pressible results are only a limiting case of the more gen- 
eral compressible cases. While the incompressible cases 
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AUTHOR’‘S NOTE: The Reynolds equation for compres- 
sible fluids cannot be solved in a closed form. We ob- 
tained solutions by an iterative procedure and confirmed 
them by tests (see “Theoretical and Experimental An- 
alysis of Hydrodynamic Gas Lubricated Journal Bear 
ings”, B Sternlicht and R C Ewell, Transactions of the 
ASME, May '58, p 865-878. The results are plotted in the 
design charts on these two pages. Results for L/D = 0.5, 
however, are courtesy of A A Raimond; (“A Numerical 
Solution for the Gas Lubricated Full Journal Bearing of 
Finite Length’, ASLE paper, Oct 20 ’60). 
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can be plotted as functions of one dimensionless param- 
eter (the Sommerfield Number, S$), the compressible 
cases are functions of two parameters (the Sommerfield 
Number, S, and the compressibility number, A). The 
ordinate at A 0, therefore, gives the results for the 
incompressible cases. Note that at moderately low com- 
pressibility number, A < 1, the curves are fairly flat. 
hus, load capacity calculated by the incompressible theory 
is applicable with little error to compressible cases. 

I'he incompressible results give a single journal locus 
where the attitude angle for all eccentricity ratios is 90°. 
l’or the compressible cases the attitude angle is dependent 
on both eccentricity ratio and compressibility number. 
I'hus, incompressible solutions cannot be used to predict 
attitude angle for the compressible cases. The friction force 
obtained from incompressible results will give conservative 
(higher) values and can predict power losses in gas bearings. 


How to relate previous data 


There are numerous solutions available for journal and 
thrust bearings of different geometries—grooved cylindrical, 
elliptical, tilting-pad, multi-lobe, partial, to name a few. 
However, the overwhelming majority of the solutions as- 
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sume the fluid to be incompressible, as in the case with an 
oil or liquid film. The question frequently arises as to 
whether these solutions and test results can be employed 
when the fluid is compressible (taking into account, of 
course, the difference in viscosities), and how accurately. 

Majority of gas bearings today operate at low A, thus 
one can employ incompressible data for the design of gas 
bearings and arrive at answers accurate within 10 to 20%. 


Where you have synchronous whirl 


The static results presented in the charts are also ap- 
plicable to the case of circular orbit of the journal about 
the bearing center under synchronous whirl conditions 
(this is a whirling orbital motion of the journal at fre- 
quency equal to the rotational frequency). An example is 
the case of an unbalanced rotating load. 

The only difference is that under synchronous whirl 
the phase angle ¢ leads ha;., while for static loading it 
lags hin. The restoring force is approximately the same. 


Design recommendations 


In designing a gas lubricated bearing, strive to keep the 
eccentricity ratio, «, less than 0.8. The lower the value, 
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the higher the gas-film thickness. A thick film is desirable 
to avoid metal contact in the event that overloading or 
shock loads may accur. If possible design a small clearance 
(0.0004 in./in.). This tends to raise the threshold of 
instability and still maintain low eccentricity ratio. Large 
clearances (0.0012 in./in.) will also give higher threshold 
of instability but at the expense of high eccentricity ratio. 
Intermediate clearances give the lowest threshold. 

Other design recommendations: Design the bearing 
so that the attitude angle, ¢, is as low as possible. This 
also leads to stability. An L/D ratio of 1 is most com- 
mon with air bearings; but ratios of L/D between 1 and 2 
are also frequently employed. The higher L/D ratios 
increase load capacity, but lower the threshold of instability. 
Problem I: Air-bearing design, L/D = 1 and 2 
Given: W = 80 lb/bearing; N = 60 rps; R L in: C 0.0005 

in.; Pa = 14.7 psia; w = 3.25 & 10-° lb-sec/in? (air at 
250 I 

Find: ¢€, Fain, ¢ and F; compare incompressible and 

compressible cases. The viscosity is kept constant for 


comparison purposes. 
Solution (see Table): For the incompressible cases, 
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PROCEDURE FOR PROBLEM |! 





Operation Factor Incompressible | Compressible | Incompressible | Compressible 


Given f l 2 2 
Compute A = - 2 0 2 
Compute / - .é — 0.5 
Compute = : 25.6 25.6 12.8 12.8 
0.77 0.80 0.40 0.52 


From curves 


€ 
Compute Piste Ctl — e) 2.40 * 10-* in. 


From curves 


? 


.15 & 10~ in. 


1.00 K 10-4in. 


3.00  10-* in. 
90° 


33° 


, FC ' 
From curve Pnuwk®L 2.03 














Compute F 0.0626 Ib 





0.0566 Ib 


24 1.26 








0.0764 lb 0.0776 Ib 








0. For compressible cases: 


eo 6(3.25 & 10~*) (60) (27) o 
14.7(0.0005)? sas 
The inverse of the compressibility number (1/A) is 
employed for A > 1 on the abscissa of the design curves 
so as to span the range from A = 0 to A = o; hence for 
A = 2, use the abscissa value of 1/A = 0.5. 
It was given that R 1 in.; therefore D = 2 in. For 
L/D = 1, L = 2 in. Hence, bearing area = 4 in.’, and 
1 80(0.0005)? 


= = 25.6 


S $(3.25 & 107°) (60) 
Follow the procedure in the table for Cases 1 and 
2 to find values for ¢, hai, and 4 from the design chart 
for L/D = 1. The friction force for Case I is: 
F = 203 ( 2rywh?h 
C 
Note that assuming an incompressible fluid leads to 
fairly accurate results—except for ¢. 
Same procedure is followed for L/D = 2 (Cases 3 and 
+ in table). Note that the higher L/D ratio increased the 
minimum film thickness by a factor of 2.4 (Case 2 versus 
Case 4), but with an undesirable increase in attitude 
angle and friction force. 
Problem IIl—Air-bearing design, load capacity unknown 
Given: « =0.8 L/D =2 
N = 60 rps Pa = 14.7 psia 
R 1 in i 3.25 & 10-°* lb-sec, in.? 
Cc 0.0005 in 
Kind: W, ¢ and F 
Solution (see Table): A load capacity of 212 lb is ob- 
tained. Comparing Case 2 to Case 6, we note that by 
increasing the L/D ratio from | to 2, and maintaining the 
same eccentricity ratio, we have 2.65 increase in load 
capacity. 


Problem Ill—Comparison between air and oil bearings 


Given: W = 80 lb/bearing L/D l 
N = 60 eps Pa l 
R = |] in. 


1.7 psia 


OIL AIR 
C = 0.0015 in C = 0.0005 in. 
a = 3.25 X 1077 Ib sec/in.? at 250 °F uw = 3.25 X 107° 
Calculate the following paremeters (see Table): €, yin, 
and F. 

The increased clearance, C, provided for the oil bearing 
is commonly employed with incompressible liquid lubri- 
cants. ‘This permits sufficient oil flow to dissipate the 
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PROCEDURE FOR PROBLEM I! 





Operation Factor Incompressible | Compressible 


Compute 1/A 0.! 0.5 
From curves 1/S 47.: 34.0 
Compute a 36. i 26.5 psi 
Compute W 294 212 Ib 
From curves rn) 90 a 
From curve FC 2.i 1.90 
2rpwhk*h 
Compute F 0.154 Ib 











0.177 lb 








PROCEDURE FOR PROBLEM II! 





Operation Factor 


Given L/D 
Compute A 
. l 
Compute < 
From curves € 0.20 
Compute hmin 1.2 X 10 in. 1.00  10~‘in. 
From curves o 90° 20° 

FC 


- 1.03 1.84 
2ru wh?L 


From curve 


0.0566 Ib 








Compute 1.06 lb 








generated frictional heat. Even with increased clearance, 
the frictional force is increased approximately 20:1 over 
the air bearing. With a clearance of 0.0005 in., the fric- 
tional force would have been approximately 60 times 
larger. 

The minimum film thickness for the oil bearing, on the 
other hand, is considerably greater than for the air bear- 
ing. The load on the oil bearing can be increased to about 
800 Ib before an eccentricity ratio of 0.8 is reached. But 
with this high load, and even the large bearing clearance, 
the frictional force would be approximately 40 times that 
of the air bearing. 


For REPRINT of above article, just check 625 on one of the 
Reader Service cards found in this issue. 


EDITOR’S NOTE: For other recent developments see: 
The New Developments in Bearing and Gear Lubrication, 
May 15 ’61, p 98. Includes chart and sample problem for 
designing a stepped-sector, self-exited, thrust gas bearing. 
For free reprint, check 604 on Reader Service card. 
—Nicholas Chironis 
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BOLTS GET HELP AGAINST SHEAR 


Especially when they are loose, clamping 
bolts or screws encounter side loads they 
weren’t meant to carry. Here are ways to 


stop bending and to align parts as well. FE 


FEDERICO STRASSER , i. 


Mankowitz & Strasser 
Santiago, Chile | S| 








DOWEL PINS hold against small loads at temporary 
or semi-permanent joints. For joints taken apart more 
often, use tapered pins; they come out easier. Where 
a dowel pin fits in a blind hole, it can’t be knocked out 
so must be drilled and tapped to take an extractor. 
Fancier types carry a threaded rod on top which sticks 
out of the hole. As a nut is tightened down on it, the 
pin lifts out 


KEY is pin laid flat between two parts. Although round 
pin is easier to install than the rectangular key, it lets 
parts shift when the bolts loosen even slightly. 


RIBS lock extruded or formed sheets together without 
further preparation. On cast or molded parts, integral 
boss fits into hole which is either molded or drilled. 


continued on page 55 
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Symbol o 


] ALEMITE 
"STEWART WARTER 


CORPORATION 


Dept. AH-81, 1850 Diversey Pkwy., Chicago 14, Illinois 


In Canada: Stewart-Warner Corporation of Canada, Ltd. 
Belleville, Ontario 
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Surgepruf offers greater freedom in designing new 

products and installations! Whatever the industry ap- 

plication, Surgepruf will furnish the finest swaged-on hy- 

draulic hose assemblies to meet the specifications of your plans. 

Low, medium, medium-high and high pressure assemblies are avail- 

able. All are factory assembled. All provide a superior leak-proof 

fluid seal with no braid exposure. They are quality controlled to strict 
Stewart-Warner standards. 

Surgepruf hose has a wear and abrasion resistant neoprene 
cover. Buna-N seamless inner tube is securely bonded to wire or 
fabric braid—takes severest wear in stride. Hose temperatures range 
from —40°F. to plus 275°F. All Surgepruf hose meet SAE Hydraulic 
Standards for working pressure and burst requirements. 

Precision machined Surgepruf standard steel couplings are zinc 
dichromate finished to resist corrosion. Couplings are available in a 
variety of standard types, thread sizes and choice of metals. 

Discover the design flexibility possible with Surgepruf 
“Swaged-on” hydraulic hose assemblies. Send for a FREE, illustrated 
catalog— #40-37—for a full description of the Surgepruf line. 
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Bushing 





Mir — nIZiQ\-|9\ moO 


BUSHING is split so that it fits tightly yet doesn’t need BOSS on extruded hole becomes a built-in bush 
a reamed hole as a dowel does. Solid bushing replaces ing when used to locate and hold a sheetmetal 
it when high side loads would compress a split bushing. part. 


Gasket 


RABBET takes high loads and gives precision fit. Here 
rabbet also locates gasket between pipe flanges. 


Cast 
/ugs 


CAST LUGS or welded bars provide shoulders as hefty 
as a more expensive recess would, but don’t have same 
clean look 


PRODUCT ENGINEERING + AUGUST 21, 1961 





SIGNIFICANT COMPANIES, MATERIALS, PROCESSES 





Freewheeling ball bearing screw... 
limits travel of nut at any position along its stroke where load reaches a preset 
amount. This contrasts with other actuators in which nut travel can only be 
limited at ends of its stroke by means of prepositioned stops. Freewheeling of the 
ball nut, with continuing rotation of the screw, is accomplished by providing two 
angular contact ball bearings and Belleville washers in a split housing attached to 
the nut. Power for driving is applied to the housing’s threaded end. Desired 
amount of preloading is applied to angular contact bearings by screwing housing 
sections together or apart. ‘Torque is transmitted through preload unit to ball nut 
ind when load exceeds preset amount, housing and nut freewheel on stud and screw 
Ball circle diameters vary from 0.1875 to 3 in., with ball nut diameters from % 
to 54 in. and screw lengths from 1 to 12 ft. (larger and longer assemblies available 
on special order). ‘Torque transmittal on a #-in. ball circle dia unit can be adjusted 
up to 8 in.lb. Delivery ranges from 6 to 14 wk. Actuator Operation, Saginaw 
Steering Gear Div, General Motors Corp, Saginaw, Mich. 

Circle 300 on Reader Service Card 


Centrifugal switch... 

has negligible friction to provide repetitive accuracy in speed sensing overspeed 
and underspeed detection, speed interlocking, sequencing and signaling. Uses a one- 
piece spring-steel disk with weights fastened directly to disk. Centrifugal force of the 
weights overcomes rapid decrease in spring force, resulting in snap action at 
operating speed. Normal operating speeds range from 900 to 4000 rpm and 
standard units operate at 1100 and 2200 rpm. Supplied in dustproof enclosure 
with industrial-type snap switch at $100. Square D Co, EC&M Div, 4500 Lee Rd, 
Cleveland 28. 


Circle 301 on Reader Service Card 


Sequencing programmer... 
controls 30 individual circuits through use of adjustable split-lobe cams. By 
loosening a screw and rotating the cams relative to each other, a continuous range 
of an open and closed contact can be obtained from 352° down to approx 8° of a 
revolution of the input shaft. Adjustable-speed drive motor facilitates changes in 
speed while cams are in motion. Speed variations can be obtained from 150 to 0 
rpm. Included is an adjustment dial. mounted centrally between actuating cams, 
which enables unit to be adjusted before mounting and provides a reference for 
changes in programming. Switches are SPDT, snap-action units with one normally 
open and one normally closed contact which are electrically separate. Rated at 
5 amp, 440 v ac; 10 amp, 220 v; and 15 amp, 115 v ac. Enclosures include NEMA 
types 1, 4, 7, 9 and 12. Gemco Electric Co, 25685 W Eight Mile, Detroit 40. 

Circle 302 on Reader Service Card 
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Liquid 
Mercury electrolyte Mercury 
anode gop cothode 


o 





Miniature amp-hr meter . . . 
is based on Faraday’s Law for electro 
chemical decomposition. Consists of a 
drawn capillary glass tube containing a 
mercury anode separated from a mercury 
cathode by liquid electrolyte gap. Under 
applied voltage, current flow transfers 
mercury quantitatively across the electro- 
lyte, giving tinear displacement of the gap 
down the length of the tube. Unit is a 
direct-reading microcoulometer that meas- 
ures 14 in. long x 0.050 in. OD with 
an active scale length of 1 in. Can be 
positioned either vertically or horizontally 
on instrument or component being met 
ered. Suitable as an elapsed time meter 
to check service life of expensive elec- 
tronic equipment or to check residual bat- 
tery charges and capacity. The reversible 
unit has an operating temp range of 
22 to 230 F and a storage temperature 
Operates on dc 
or pulsed de signals with any wave form, 


range of —76 to 257 F 


and with currents up to 250 microamp 
Because of low current requirements 
normally under 250 microamp for most 
applications), device generally requires a 
ballasting series resistor when operating 
from standard battery power supplies. Has 
an intrinsic meter resistance of 200 to 300 
ohm and essentially no temperature co- 
efficient because of ballast resistor require- 
ment. Rate of movement is 0.096 in. per 
microamp-hr. Single unit prices range 
from $5 to $8 (latter is for model housed 
in a plastic case with a 10-division scale 
and with radial leads or pins for mounting 
on pin jack receptacles). From stock. 
Curtis Instrument Inc, 45 Kisco Ave, Mt 
Kisco, NY. 

Circle 303 on Reader Service Card 


Magnetic latching relay . . . 

has electromagnetic forces matched with 
armature and contact load to prevent 
hang-up and assure positive follow-through 
and snap-action closure on low power 
pulses. Available as either single- or dual- 


PRODUCT ENGINEERING + AUGUST 21, 1961 








coil unit with 2PDT contact arrangement, 
relay is magnetically latched for operation 
from short power pulses. Rated 2 amp 
at 28 v de resistive or 1 amp at 115 v ac 
resistive with min life of 10 million 
mechanical operations or 100,000 opera- 
tions at rated load. Operate time, in- 
cluding bounce time, at twice max pickup 
Coil resistance is 
0.050 ohm max before use; no more than 
double that after 100,000 operations 
Bounce time is 1 millisec max. High hold 
ing forces, augmented by a permanent 


current is 5 millisec 


magnet, provide high vibration and shock 
immunity. ‘Tests show no contact open 
ing under 30-g vibration to 3000 cps or 


100 g shock All welded, 


sealed unit is designed for either power o1 


hermetically 


low level switching, with an ambient oper 
ating temperature range of —85 to 257 F 
grid-spaced configuration 
with terminations on 0.2- and 0.1-in 
enters. General Electric Co, Schenec- 
tady 5, NY. 

Circle 304 on Reader Service Card 


Furnished in 


Nylon caterpillar grommet. . . 
is available in three stock sizes that fit 
10- to 25-gage steel or aluminum sheets 
Eliminates need for stocking many grom 
mets of varying sizes. Standard length is 
10 in., but can be cut to whatever length 
required. Insulates holes over 3 in. dia 
and can be use in combination to fit any 
size hole. For square or round holes over 
6 in. dia, commercial solvents may be 
required to hold it to metal. For smaller 
sizes, however, tension is said to be ade- 
quate to hold to any surface. Plastiglide 
Mfg Corp, Dept P-2, 1757 Stanford St, 
Santa Monica, Calif. 

Circle 305 on Reader Service Card 
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Bearing 


Self-aligning bearing . . . 

mounts in 0.040-in. or heavier sheet metal 
by means of a self-clinching retainer 
Self-aligns to 5° off centerline around the 
full 360°, requiring no bosses or other 
special provisions. Bearing is made of 
Delrin; retainer, of steel, aluminum or 
Aluminum type can be 
mounted in materials of B-50 or less 
Rockwell hardness; steel types, B-70 or 
less. Assembly centers in a prepared hole, 


stainless steel. 


clinches securely and resists torque. Can 
be removed by a press and a new bearing 
installed at least 3 times without loss of 


holding power Available in shaft sizes 


from to 4 in 


Aluminum and steel 
types range from $280 to $300 per 1000; 
stainless steel type, from $300 to $350 
per 1000 
flo Inc, Sub of Penn Engineering & Mfg. 
Corp, Drawer E, Miami 64, Fila. 

Circle 306 on Reader Service Card 


Delivery within 3 wk. Spyra- 


Hydraulic variable-speed drive 
provides full torque transfer from input 
to output shaft up to its rated capacity of 
25 ft-lb regardless of output shaft speed 
Allows any load that input power source 


can carry at full speed to be started 
smoothly from a stalled or neutral condi- 
tion of the output shaft (0 rpm) to full 


Utilizes principle of 
pump, 


input rpm (2000). 
a__ positive-displacement 
wherein input and output shafts are an 
integral part of rotor and stator pump 
components, Both are 
mounted on ball bearings within stationary 


rotary 


respectively 
case and are free to rotate with respect 
to each other. Relative speed of output 
shaft with regard to input shaft is con 
trolled by metering the flow of hydraulic 
oil through a special design control valv« 
Movement of metering valve can be con 
trolled through any external linkage and 
the infinitely speed of output 
shaft is obtained by posittoning control 


variable 


valve at any point between full open 

output speed) to fully engaged position 
Initial 
rated 5 hp for input speed range from 
1400 to 2000 rpm. Weighs 30 Ib (with 


oil) and has case dimensions of approx 


max output speed model 


in. dia x 12 in. over-all length. Priced 
it under $200, with delivery within 45 to 
60 days. Log-Master Services Inc, 402 | 
Randolph, Enid, Okla. 


Circle 307 on Reader Service Card 


Grease fitting cover... 
is one-piece polyurethane cover consisting 
of a retainer ring that stretches over hex 
surface of grease fitting, a strap hinge that 
holds cover on fitting base during greas 
ing operation and a cap that snaps ove! 
top of fitting to seal out dirt and other 
ontaminants. Made in variety of bright 
colors for color coding type of lubricant, 
frequency of lubrication or for easily 
locating fittings on equipment. Priced 
at $75 per 1000, Lubrication Specialty 
Co, 6025 Denton Dr, Dallas 35, Tex. 


Circle 308 on Reader Service Card 


Magnetic sensing devices . . . 
include a transverse field model, measuring 
0.500 in. long, 0.130 in. wide and 0.019 
in. thick and furnished with 74-in. leads 
of #34-gage copper; and an axial field 


model 0.195 in. dia and ¥ in. total 


continued on page 58 
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COMPONENTS * MATERIALS + PROCESSES 


length, carrying #34-gage copper leads 
Active area of former is 0.080 
x 0.180 in. while active area of latter is 
0.055 x 0.148 in. Both units are of non- 
construction, said to make 
and improved ac applica- 
Exhibit low noise output, improved 


14 in. long 


inductive 
possible new 
tions 
low level performance, and high output 
combined with low zero field output volt- 
age to eliminate need for external null 
voltage compensation in many applications. 
Operate in temperature range of —40 to 
212 F and are designed for continuous 
operation at 185 F. Priced at $32 each 
and available for prompt delivery. Semi- 
conductor Div, F W Bell Inc, 1356 Nor- 
ton Ave, Columbus 12. 

Circle 309 on Reader Service Card 


Self-lubricating sleeve 
bearing... 

is designed for light or moderately loaded 
ipplications inaccessible to regular lubri- 
ation or where periodic lubrication is 
Built-in reservoir filled with 
assembly sintered 
Capillary action of the 
il through the bushing provides a con- 


uncertaim 
oil during surrounds 


bronze bushing 


tinuous oil film between bearing bore and 
shaft. Available in bore sizes 4 through 
12 in 


mensionally 


Sizes 4-in. bore and larger are di- 
interchangeable with certain 
sizes of standard needle roller bearings. 
Load capacity ranges from approx 375 to 
16,500 psi; max speed from 6000 to 
2500 rpm. Priced at $1.60 to $2.80 each, 
with small quantities from stock. Carter 
Mfg. Co, Ferrysburg, Mich. 

Circle 310 on Reader Service Card 


Differential pressure gage. . . 
with a 60-psi scale and a 3000-psi working 
pressure rating, is designed for use with 
including MIL-H-5606, 


esters, lube oils, 


hydraulic oils, 
fuels, etc. 
Gives direct reading of tank levels, as 


phosphate 


well as pressure drops across filters, heat 
exchangers, orifices for flow metering, gas 
absoibers and other types of equipment 
Accuracy is +2% and temperature range, 

40 to 200 F 
ges, but operates by means of a mag 


Has no mechanical link 


netic coupling, eliminating possibility of 
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leakage. Mounting is by line with }-in. 
NPT or AND10050-4 connections or by 
sub-plate. Standard materials are alumi- 
num and nickel alloys. Priced at $92. 
Pall Corp, 30 Sea Cliff Ave, Glen Cove, 
NY. 

Circle 311 on Reader Service Card 


Rotary transducer ... 
converts mechanical motion into digital 
voltage pulses. Pulses provide numerical 
readout of the measurement and actuation 
of any desired automatic control functions 
in either batching or continuous process 
operations. Available in zero speed and 
magnetic types which are said to provide 
any required accuracy and transfer infor- 
mation over any distance without error or 
drift and to require no calibration adjust 
ments. The zero speed type’s shaft rotates 
a precision-ruled disk which interrupts a 
built-in light source, thus feeding pulses 
to controller or readout device. Magnetic 
model uses a rotor with individual teeth 
to represent any desired unit of measure- 
ment. Pulses are fed directly to remote 
readout and control devices as shaft rotates 
teeth through a magnetic field. Designed 
for use with preset counters, controllers, 
tachometers, totalizers, rate indicators and 
many other devices. Provides measure- 
ments of length down to 1/1000 in. for 
automatic cutting-to-length or bi-direc- 
tional positioning applications or speed 
measurements down to 1/100 rpm for 
roll speed, elongation or paper draw 
measurements. Louis Allis Co, Dept P, 
427 E Stewart St, Milwaukee 1. 

Circle 312 on Reader Service Card 


Synchronous reluctance motors 
offer same hp-per-frame as induction mo- 
tor counterparts. Designed for applications 
where load may not be constant, but where 
zero-slip, constant-speed operation is re 
quired. With external inertia equal to 
twice rotor inertia, motors produce approx 
150% pull-out torque, 100% pull-in 
torque and lock-rotor-torque of more than 
250% of full load value. Constant-speed 
operation at synchronous speed under vary- 
ing load conditions is achieved by grooving 
rotor to establish same number of lower 
reluctance paths (salient poles) as there 
are magnetic poles in the stator. These 
salient poles lock in step with the mag- 
netic poles of the rotating stator field 
and cause rotor to turn at same speed as 
rotating field. Rotor also has high reluc- 
tance barrier slots deep in its core, under 
the center of each salient pole. This, plus 
grooves at rotor periphery, is said to make 
possible max flux concentration at the 
salient poles required for good perform- 
ance. Available in both dripproof and en- 
closed models, the motors are rated 220 
440-v, 3-phase, 60-c, 1 to 5 hp. General 
Electric Co, Schenectady 5, NY. 

Circle 313 om Reader Service Card 


Spur gear speed reducer... 

is designed to operate on a_ polyphase 
motor, but can be used successfully on a 
110-v, single-phase Equipped 
with a belt and pulley to facilitate reduc 
ing or increasing speed ratio. Reduction 
unit has a 45021 gear ratio and belt has a 
2:1 ratio, making possible an over-all re 
duction of 900:1. Reducer provides ratio 
of 450:1 with a 1750-rpm motor and a 
1:1 pulley ratio; a 900:1 reduction with a 


motor. 


1750-rpm motor and a 1:2 pulley ratio 
Can be mounted either vertically or hori 
zontally and is for continuous duty 
Barnes Drill Co, Speed Reducer Div, 814 
Chestnut St, Rockford, Ill. 

Circle 314 on Reader Service Card 


Wide range transmission . . . 
is a 17:1 max total ratio drive, obtained 
by combining a transmission with a 3:1 
vari-pitch sheave. Includes leakproof alu 
minum case and occupies only 104 x 6 
in. floor space. Said to be priced lower 
than other variable speed drives. ‘Turner 
Uni-Drive Co, 3416 Terrace, Kansas City, 
Mo. 

Circle 315 on Reader Service Card 


Vane-type fluid motor... 

is available in five models with speeds to 
2000 rpm, pressures to 2000 psi and max 
torques of 1249, 1719, 1897, 2160 and 


2345 Ib-in. at 2000 psi. Has floating port 
plate construction with a built-in shuttle 


continued on page 60 
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Your Firestone Technical Service Man shapes rubber compounds for everything .. . 


from 
transmission 
seals... 


] 


























ak ft 























hand 
truck 
wheels 


WITHOUT OBLIGATION, WE'D LIKE TO FIND 
OUT WHAT FIRESTONE’S TECHNICAL SERV- 
ICE MAN HAS TO OFFER US. = FMR-FR15(1) 


Mulling over a design problem that calls for more than ordinary 
rubber? Your Firestone Technical Service Man compounds rubber 
‘or precision seals that stand up to oils and other solvents —for load- 
bearing industrial wheels that can’t crack in cold weather—and for 
thousands of other special purposes. And he can engineer the rubber 


compound to fill your bill, whether it’s for specific abrasion, corrosion, 





high or low temperature resistance or for a combination of require- Name and Title 


ments. Your Technical Service Man also creates rubber compounds 





that replace costlier materials. And Firestone’s high-volume, high- 
- 6 Company 


accuracy production facilities are at your service, too, to carry the 





job right through to its final stage within strict cost limits. Details? 


Just fill out and mail the coupon—without obligation, of course. Product Manufactured = 


Copyright 1961, The Firestone Tire & Rubber Company 


© an . eres 


~<a A —_ ™ 
Fires ) me 
4 ee 
y ; cyt PRODUCTS CO. ™ 


Rubber & Latex Products Company Box 2290, Fall River, Mass. 
Fall River, Massachusetts State 











PRODUCT ENGINEERING + AUGUST 21, 1961 CIRCLE 59 ON READER SERVICE CARD 59 





COMPONENTS * MATERIALS + PROCESSES 


Accurate 


valve that keeps plate under constant, 
uniform pressure load regardless of flow 


e*,? 
Position through motor. Port plate exerts neces- 


sary clamping force on the cartridge. At 

Feedback idle, a light spring provides the clamping 

force. Floating port plate also minimizes 

With wear and permits starting at any tempera 

ture. Denison Engineering Div, Ameri- 

G. L. COLLINS can Brake Shoe Co, 1160 Dublin Rd, 
Columbus 16, Ohio. 
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Linear Motion 
Transducers 





A.C. Position Transducers 


Whether your application calls for an integral transducer-actuator — 
assembly as shown or other precise and reliable position informa- yy 

tion, specify Collins’ differential transformer pickoffs. We are noted Vi 

for our extreme environment transducers featuring large stroke to 

length ratios. Shaft seal... 


is assembled with both stationary seal face 


g— 
G.L. COLLINS CORP. (C and positive-drive mating ring. Can be 











disassembled and seal face reconditioned, 
resulting in prolonged seal life. A medium- 


H ce > is available °SS higl 
2820 East Hullett Street ¢ Long Beach 5, Calif. | °°.) rg ae alee 
Phone: MEtcalf 0-3121 | 10,000 fpm and temperatures from —65 


CIRCLE 75 ON READER SERVICE CARD to 400 F. Two other types are lower in 
- cost and have these recommended oper- 


ating ranges: pressures to 10 psi, speeds 
to 3500 fpm and temperatures from —20 
to 250 F. Gits Bros Mfg Co, 1866 S$ 
Kilbourn Ave, Chicago 23. 
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revolutionary | 
: Self-clinching nut. . . 
BOAT is small, ieiseehe stainless steel fas- 


TRAILER tener for installation in sheets 0.040 in. 
thick and up. Nut is self-locking with 
| high push-out and torque valves and is 
flush on reverse side of sheet. Suitable 
for temperatures up to 800 F and for use 
in materials with B-75 or less Rockwell 
hardness. Available in sizes #4 to 10. 
Penn Engineering & Mfg Corp, Doyles- 
town, Penna. 
Circle 318 on Reader Service Card 


SPRING LOCK WASHERS 


Permanent magnet dc motor . . 
; ai is a l-in.-dia unit for use on any voltage 
same for long-life dependability from 6 to 115 v de. Square iin 
tained by a constant-pressure spring, pro- 
long brush life. Has explosionproof hous 
ing, precision ball bearings and three avail 
able lengths. Typical characteristics of a 
7-v unit are: duty cycle, 4 min. on, 6 min 


FOLLOW THE LEADERS! Improve your products and reduce produc- 
tion costs with NATIONAL Spring Lock Washers or NATIONAL Retain- 
ing Rings. These economical fasteners make it possible to simplify 
designs .. . save on materials and weight, cut down production oper- 
ations, facilitate assembly. Request catalogs, or ask NATIONAL for a 
recommendation on your specific design application. off; torque, 1 oz-in.; hp. 0.017; rpm, 17, 
000; amps, 0.85; watts, 23; and efficiency, 


The NATIONAL LOCK WASHER COMPANY 53%. Barber-Colman Co, Dept 2411, Mo- 
Serving Industry Since 1886 tors and Components Div, Rockford, II. 
NEWARK 5, NEW JERSEY ¢ MILWAUKEE 2, WISCONSIN Circle 319 on Reader Service Card 
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YOUR OWN MEN CAN BUILD THIS PRECISION MACHINE FOR 
CUTTING COSTS IN DRILLING METALS, PLASTICS AND WOOD 


With only minor modifications, this basic SPOT-A- 
MATION IDEA has been used in many different plants. 
The unit shown here, in the plant of Kay Machine & 
Tool Products Co., Cleveland, Ohio, for example, is 
used to drill holes for cotter pins in aircraft bolts. The 
list of benefits belies its simplicity and low cost: pro- 
duction per man-hour is 66% better . . . tool life is 
greatly increased . . . rejects virtually eliminated .. . 
and only a minimum of physical effort is required for 
what formerly was a very fatiguing operation. 

The machine is built around two compact interlocked 
Bellows-Locke Model 22A Drill Units — air operated 
hydraulically controlled — mounted horizontally in op- 
posed positions. Automatic feeding, positioning and 
ejection could be incorporated easily by the addition 
of other Bellows “Controlled-Air-Power” Devices. This 
SPOT-A-MATION IDEA can be readily adapted to per- 
form a wide range of other operations, such as punch- 
ing, forming, riveting, crimping, etc., by using such 
other Bellows work units as The Bellows Air Motor® 
in place of the Drill units. 

This machine is typical of the ways cost-conscious men 
the world over are using Bellows “Controlled-Air-Power” 
Devices to secure faster, better, lower-cost production. 
Opportunities exist in your plant, too. Why not in- 
vestigate — today! 


THIS “‘SPOT-A-MATION 
IDEA”’ FILE IS 

YOURS ON 

REQUEST 


As shown in the photo above and “keyed” in the drawing, 

this shop-built drilling machine consists essentially of 

two low-cost, air-operated Bellows-Locke Model 22A Contains installation data, wiring diagrams and equipment lists 
Drill Units (A), a Bellows Electroaire® operating control Ger tha “Gneti-diedien” When attend chose, Gb wall os Ga 
valve (B), two Bellows Hydro-Checks® which provide aeons ofl dealer ideas yeu can use. Welte Best. 06.961, Bellows- 
smooth precision operation (C) and a Bellows Lubri-Air® Vebceie, Alcon 0 Ohio. , iad ’ 
Control Unit which cleans, regulates and lubricates the ’ : : 

air supply (D). Not visible is the foot-operated control 

pedal. 


697C-3 


Bellows -\/alvair 


AKRON 9, OHIO 
DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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‘GOOD AYEAR 


NOW GOODYEAR GIVES YOU “‘OFF-SHELF” 
DELIVERY OF INDUSTRIAL DISC BRAKES 


—at a fraction of the prices 
you've paid until now 





— 


PICK THE BRAKE THAT'S RIGHT FOR YOU— 
HAVE IT DELIVERED RIGHT OFF THE SHELF 





Equipment 
Manufacturer's 
Price* 
(Including Disc) 


Torque Capability 
with only 1 brake 
per disc 


Kinetic Energy 
Capacity for 
One Stop 





Brake Assembly 


with 7” Disc to 3,000-Ib.-ins. 150,000 ft.-Ib. $25.00 





Brake Assembly 


with 12” Disc to 6,000-Ib.-ins. 400,000 ft.-Ib $31.00 





Brake Assembly 


with 18” Disc to 9,000-Ib.-ins 1,000,000 ft.-Ib. $43.00 

















AND YOU GET—Hydraulic or Pneumatic Action... Uni- 
versal Mounting Configuration . . . Equal Torque in 
Either Direction ... Unmatched Control... Automatic 
Adjustment for Lining Wear. 

PLUS—Many design variations for your particular appli- 
cations AND the assistance of Goodyear Brake Engi- 
neers for tough applications. 

WANT TO KNOW MORE? Write Goodyear, Aviation 
Products Division, Dept. H-1720, Akron 16, Ohio. 


YEAR 


subject to quantity discount, 


Lots of good things come from 
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GRIPCO TOPLOCK NUT 


; 
eta 


You get these 
“extras” when 


you specify 
C131] 1 CO} 


Y 


GRIPCO CLINCH NUT 


locking t 


FASTENERS— 


— 40 sales representatives all 


over the country for prompt, fast service. 


o 4, 


— Quality controlled by the 
oldest established lock nut manufacturer 


in the U.S. 


— Large inventories to ensure out 
of stock delivery on all catalogued items. 


Speed production and lower costs 
on your products with this Grip 
Nut family of GripcoO FASTENERS. 
Qualified fastener engineers are 
available for consultation on all 
your assembly problems. Consult 
the yellow pages in your phone 
book under “Grirco”’ for the one 
nearest you. 


Other Gripes Products: 


® Brass Toplock or Centerlock nuts. 

® Miniature weld and clinch nuts, with 
or without lock. 

® Toplock and Centerlock Hi Nuts. 

® Standard Semi-finish full and jam nuts. 

® Stainless Steel lock, weld and semi- 
finish nuts. 

® Cold formed special nuts or parts to 
print. 


Send for samples and NEW CATALOG today 


GRIPCO Lc AaemeReg yess 
Locking feature 

center f r fast feed g 
Can be applied from « 


(8) 


= 
ier = 
“+ 


4 


GRIPCO COUNTERSUNK 
WELD NUT 
With or without self 
locking threads. Counte 
sink protects threads from 
weld spatter 


GRIP-NUT company 





SOUTH WHITLEY, INDIANA 


102 MAPLE AVE. 
Phone: South Whitley 723-5111 


Subsidiary of Heli 


-Coil Corporation, 
Danbury, Conn, 


CIRCLE 76 ON READER SERVICE CARD 





DESIGN LITERATURE 





Some Quantitative Aspects of 
Fatigue of Materials 

HAROLD N. CUMMINGS. PB-171084 (WADC 
Technical Report 60-42). Office of Technical 
Services, Dept of Commerce, Washington 25, 
DC. 82 x 11, 278 pp. $4. 

A compilation of fatigue properties 
of structural materials drawn from 85 
sources. Data are given for over 100 
metals in various hardnesses and heat 
treatments. Metals include steels, 
stainless steels, superalloys, aluminum, 
magnesium, titanium alloys, and beryl- 
lium metal. Materials covered also in- 
clude nonmetallics such as fiberglass- 
reinforced plastic and laminated wood. 
Over 300 S-N curves are given, some 
for elevated temperatures. 

Very useful for design because it 
makes available in one volume data 
for a large number of engineering ma- 
terials, —HLK 


Physical Gas Dynamics 


A S PREDVODITELEV. Pergamon Press, Inc, 122 
E 55 St, NY 22. 9/2 x 6%, 189 pp. $7.50. 


Translated from the Russian, it con- 
tains the authoritative proceedings of 
a symposium devoted to work carried 
out in the Power Engineering Insti- 
tute of the Academy of Sciences of the 
USSR. It deals with the problems of 
gas dynamics and the thermodynamic 
properties of air at high temperatures 
(up to 12,000 K) in a wide range of 
pressures from 0.001 to 1,000 atmos- 
pheres. Methods of calculating a nor- 
mal shock with allowance for dissocia- 
tion and ionization of the air are given. 
Part of the symposium is devoted to an 
investigation of the hydrodynamic 
phenomena accompanying electrical 
discharges in water. 


Mechanical Measurements 


T G BECKWITH, N LEWIS BUCK, University of 
Pittsburgh. Addison-Wesley Publishing Co, Inc, 
Reading, Mass. 6 x 9, 559 pp. $8.75. 


A misnomer, in a sense, because it 
includes electrical and all other meas- 
urements. It could better be called 
“Survey of Useful Measurements for 
Design Engineers”. It is written for 
advanced undergraduates in mechani- 
cal engineering, and lucidly describes 
these many theories and techniques: 
fundamentals, legal standards, termi- 
nology; dynamic readings; detector- 
transducer elements such as strain 
gages, thermistors, capacitive probes, 
phototubes and dozens more; interme- 
diate elements such as gearing, bridge 
circuits, amplifiers; terminating devices 
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such as voltmeters, cathode tubes, 


switches; counters (both electronic | 
and mechanical); and applications | 


such as displacement, strain, force, 


torque, pressure, flow, temperature, vi- | 


bration, shock and _ radiation. 
scope is large and text is well balanced. 


Other Books of Interest 


Design Information on 17-7 Ph 
Stainless Steel for Aircraft and 
Missiles 


PB 151096, Favor, Deel, Achbach. Office of | 
US Dept of Commerce, | 


Technical Services, 
Washington 25, DC. 82 x 11, 40 pp. $1. 


Status of Research and 
Development for High Strength 
Aircraft Steels 


PB 171077, E M Kennedy Jr. Office of Tech- 
nical Services, US Dept of Commerce, Wash- 
ington 25, DC 82 x 11, 31 pp. $1. 


Handbook for the Foundry Worker 
—Shape Casting of Aluminum and 
Magnesium Alloys 


60-21972, Kolobnev, Krymov, Polyanskiy. 
Translation. Office of Technical Services, US 
Dept of Commerce, Washington 25, DC. 8 x 
10, 407 pp. $6.50. 

This is a translation of a Soviet book, based 
on their practice. 


ABSTRACTS FROM 
THE LITERATURE 





Extruding Polystyrene Foam 


Controlled density polystyrene foam | 
extrusion is a process by which poly- 


styrene containing a_ hydrocarbon 


The 


foaming agent is fabricated into con- | 


tinuous cross sectional shapes of den- 
sities lower than solid polystyrene. 
Production of parts such as sheet, tub- 


ing, and rod are possible by this proc- | 


ess. 


“Controlled Density Polystyrene Foam Ex- 
trusion,” by F. H. Collin, The Dow Chemical 
Co, SPE Journal, July 1960, Society of Plastics 
Engineers, 65 Prospect St, Stamford, Conn. 


Refractory Materials at 
High Sliding Velocities 
and Temperatures 


Various ceramic and cermet mate- 
rials have been evaluated for unlu- 
bricated wear resistance at high slid- 
ing speed (100 to 200 fps) and low 


unit load (5 to 50 psi) in 1000 to | 
A statistical correlation | 


1800 F air. 
was obtained between the measured 
wear rates under these conditions and 
the coefficient of friction, the thermal- 
stress resistance, and the thermal 
diffusivity of the mated materials on 
which wear predominated. A mech- 


continued on page 65 
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GREAT HISTORICAL LEAKS 





=> STS 


= 


_—— 
eS 


A HEXSEAL’ 


HEXSEALS are modular external seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


¢ SEELSKREWS* 
e SEELBOLTS* 
e SEELRIVITS® 
e SEELTHREDS® 


SELF- 
SEALING 
HARDWARE 





APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 











Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 


*Trade Mark 


Write or call: 
MISS RIVA SOLINS 


A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 


VisiT OUR BOOTH 2614 AT WESCON SHOW 
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No more Lugging or Looping 
with NEW Clamp Design 4 


PLASTIC on RUBBER PARTS i 
«A HUNDRED on « MILLION ja Sees 


Connections 


@ Available 1 thru 20 Terminals. Economically— 
Quickly. A type 
@ For No. 12 to No. 18 stranded, or No. | for every 


20 solid AWG. purpose. 
@ Rated 35 amperes, 750 volts 





Write for Literature. 
\ ‘ | are saihaieemensiin 
We i AX * CURTISS vtvetopment & MFG. CO. & 


3292 N. 33rd Street, Milwaukee 16, Wisconsin 


’ \ \ \\N ~»\. a 
\ VK % CIRCLE 77 ON READER SERVICE CARD 
Wa \. Ws “GOLD MINE” OF VITAL INFORMATION 


‘ \ 


WE'LL MATCH YOUR SPECIFICATIONS 
AND YOUR PRODUCTION SCHEDULES 


WE CAN produce in quantity any part Q 
made of molded solid rubber or of extruded A 
flexible vinyl plastic (illustrated). We have A) ALLEN IR 
complete engineering and technical person- 


nel for working with you on developing the | 

design or redesigning a part, plus a long and DATA | Sfan, 

successful performance record on quality Se ee Le + 
and deliveries to schedule. Send drawing, BOOK ——< q 
sketch or part for prompt quote. Btn... 


.. REPUBLIC RUBBER DIVISION 


LEE RUBBER & TIRE CORPORATION, YOUNGSTOWN 1, OHIO 








reo eeeenereeresceeenseeneeeeeen 
— ———n 


eee 














INDUSTRIAL RUBBER PRODUCTS 


3 
? = 


Please send me quotation per attached 


sketch, drawing, blueprint, sample or letter. 4-Way Pilot-Timer 
Valve « PTV-4 


Dial Feed 
Table « 725-E 


Automatic Return 
Cylinder « VER-R 





! 
i 
' 
! 
| 
' 
! 
' 
' 
! 
! 
! 
! 
' 
i 








NAME 
TITLE 
COMPANY 


— : et | A LLEN A IR CORPORATION 


265 EAST 2nd STREET, MINEOLA, NEW YORK 


FREE—Write for Your Cepy Before Next Tuesday! 
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DESIGN LITERATURE 





anism of wear has been evolved 
based on the foregoing correlation 
and on the experimental study of 
friction and wear surface-temperature 
fluctuations using special transducers 
and color-motion-picture photography. 
Promising materials for high-tempera- 
ture high-speed bearings and seals in- 
clude Al,O,Cr-Mo cermets, SiC 
ceramics, and TiC-Ni-Mo cermets. 

“Friction and Wear Behavior of Refractory Mo- 
terials at High Sliding Velocities and Tempera- 
tures,’ L. B. Sibley, C. M. Allen, Battelle Me- 
morial Institute. Paper 61-LUBS-15, American 


Society of Mechanical Engineers, 29 W 29th 
St, NY 18. 


Sintered Iron Piston Rings 
Advantages, properties, some in- 

service performance information and 

a discussion of potential applications 

are included. 

“Sintered Iron Piston Rings,’ Robert Talmage, 


Metal Progress, Moy ‘61, Metals Park, Novelty, 
Ohio. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
ecard inside back cover 





FASTENERS—Handbook 11, 56 pp Cor 
tains size, dimension and installation data 
on wide variety, including  retractabl 
screws, blind rivets, door and pane] latches 
threaded inserts, et 
tables. for retractable and quick opening 
screws; decimal equivalents of drill sizes 


Also supplies weight 


table of standard gages and other engi 
neering data. Schematics and dimension 
drawings demonstrate each type fastener 
Southco Div, South Chester Corp, Lester 
Penna 

Circle 350 on Reader Service Card 


TERMINALS AND SPLICES—Catalog 


to compute pre 


10 pp. I 


cisely what terminal or splice barrel siz« 


Provides data 


must be used to accept any given size of 
solid, stranded, rectangular or square wire 
(singly or in combination) from #26 to 
1,000,000 cir mil. Stud hole chart matches 
stud sizes and dimensions with stud-hole 
sizes of various devices which can be used 
with those stud sizes. AMP Inc, Eisen 
hower Blvd, Harrisburg, Penna. 

Circle 351 on Reader Service Card 


INSULATION TUBING AND SLEEV- 
ING—Booklet, 12 pp. Covers tubing and 
sleeving for electrical insulation in Class 
A through Class H temperature applica 
tions, graphically illustrating useful tem 
perature ranges, electrical strength, chem 
ical resistance at room temperature, re 
sistance to cut-through and relative flexi 


continued on page 66 
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PRODUCT 
APPLICATION 


Hansen SYNCHRON 
being assembled 
into ‘EC’ Local 


Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length and also govern 
the 4 independent traffic splits (time division for vehicular traffic) 
interval which is variable according to cycle length: The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


as well as any 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic contro] units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SYNCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 


HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 
Binghamton, N. Y. — Schenectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 

los Angeles, Calif. — (Olive 1-3220) 

Oakland, California 

WINSLOW ELECTRIC CO. 

New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


Sweet's Product 
Design File 


HANSEN 


MANUFACTURING 
COMPANY, INC 


PRINCET N N ANA 
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FOR DESIGNERS AND 
PRODUCT PLANNERS 


ANSWERS ALL THESE PROBLEMS 


If part of the product you are 
planning is to be a die casting... 
PDCS holds the solution to situa- 
tions like these... 

Your customers want samples 
of your product and you need 
die castings to complete your 
samples. 

You must test the function ofa 
new assembly which includes a 
die casting. 

You are required to test the 
strength of a die casting as ap- 
plied to your needs. 

You want to judge the ‘“‘feel’’ 
or appearance of a die casting 
before final specification. 

You must hold down the cost 
of new product development by 
avoiding expensive design errors. 

You are interested in market 
testing the sales appeal of a 
new product and die castings 
are required to build the needed 
samples. 


PDCS is a newly developed proc- 
ess for creating production-like 
die castings, in small quantities, 
at low cost, without permanent 
tooling charges. Find out for 
yourself how PDCS can help you 
by filling out the coupon below 
and mailing it today. 


NEWTON-NEW HAVEN CO. 
710 Third Avenue EWTO 
(Nin savel Y 


West Haven, Conn. 
CUSTOM PRODUCERS OF DIE CASTINGS 
| have a problem to which PDCS may 


be the answer. Without cost to me or 
my company... 


(CJ Prints [] Models [] Sketches are 
being forwarded under separate cover. 
Please submit your cost estimate. 

C) Have your representative call. 

() Send me your free folder, ‘‘PDCS... 
Prelude to Production”’. 


NAME: 
TITLE: 
COMPANY: 
ADDRESS: 


a 














etl 
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DESIGN LITERATURE ee 
bility. Also contains data on how to pick 
proper tubing or sleeving, NEMA grading, 
methods of applying the insulation and 
storage tips. 
Div, Minnesota Mining & Mfg Co, 900 
Bush Ave, St. Paul 6. 

Circle 352 on Reader Service Card 


UNIVERSAL JOINTS — Bulletins 513 | 
Treat | 


through S-13540, approx 10 pp. 
new series that ranges in capacity from 
4250 to 12,700 lb-ft rated static torque. 
Design features, dimensional data and 
drawings, and speed charts are supplied. 
Twin Disc Clutch Co, Hydraulic Div, 
Rockford, II]. 

Circle 353 on Reader Service Card 


ELECTRICAL CONTACTS — Brochure, | 


8 pp. Fundamental contact considerations 
covered include: contact materials, basic 
types (welded, rivet and laminated), spring 
and blade components, contact assemblies 
and contact design. Stock contacts are 
listed according to materials, dimensions 
and approx electrical ratings. Tricon Mfg 
Co, 8008 S Wallace St, Chicago 20. 
Circle 354 on Reader Service Card 


VACUUM PUMPS, COMPRESSORS— 
Sliderule. One side of rule indicates choice 
of rotary air pump models when pointer 
is set at required air flow in cfm at 0 psig. 
Other side gives motor hp requirements 
and air flow characteristics over range of 0 
to 28 in.-Hg vacuum or 0 to 30 psig pres- 
sure. Gast Mfg Corp, 2326 Fair Ave, 
Benton Harbor, Mich. 

Circle 355 on Reader Service Card 


GENERAL PURPOSE RELAYS—Bulle- 
tin 166, 4 pp. Describes and illustrates 
design features of enclosed, plate and 
latching versions. Tabulated specifica- 
tions include contact arrangements, coil 
data and prices. Ohmite Mfg Co, 3653 
Howard St, Skokie, Ill. 

Circle 356 on Reader Service Card 


MAGNETIC DISK BRAKES—Bulletin 
BK-4006, 8 pp. Carries formulas for brake 
selection, ratings, dimensions and dimen- 
sion drawings. Discusses operation, ad- 
vantages, mounting, wiring and applica- 
tions. Large cutaway with callouts is in- 
cluded. Dings Brakes Inc, 4740 W Elec- 
tric Ave, Milwaukee 46. 

Circle 357 on Reader Service Card 


| URETHANE INSULATING FOAM— 
| Bulletin, 4 pp. 


Describes the material; 
reviews advantages, mixing and K-factors; 
and illustrates results of low-temperature 
tests on conventional foam and the new 
formulation. Also lists physical proper- 
ties obtained from testing a typical panel. 
Plastics Div, Nopco Chemical Co, 175 
Schuyler Ave, North Arlington, NJ. 

Circle 358 on Reader Service Card 


Dept W1-358, Irvington | 





s—-e--e-n Win your 
PROFESSIONAL 
ENGINEER 


license faster 


—_—_—— = 








DY cee) eee) eee) ee) ee) ee) 





Prepare to pass examinations 
this direct practical way 


In_ this library you will find complete, de- 
tailed instructions on how to get your Pro- 
fessional Engineer’s license without difficul- 
ties or delays. These four books have helped 
thousands of other men, and can help you, too. 
The library clears up questions about what— 
where—how—and why of licensing regulations 
and examination procedures so that you can 
start at once upon this important step for an 
increasingly successful engineering career. 

From the moment you decide to get work- 
ing on your license, this library offers prac- 
tical, concrete help. It tells you where to 
write and how to apply ... the things to ob- 
serve in writing up your experience and the 
job titles considered “professional” by the 
examiners ... the kind of questions you will 
be gexed and the sort of answers that get full 
credit. 





Professional 
Engineer’s 
License 
Examination 
Library 

4 Vols. * 1585 pp. 
734 illus. ¢ $29.00 
Fiod Yin Ten aage 


then $10.00 monthl 
until $29.00 is paid. 








Soon all states will require all engineers to 
become licensed, John D. Constance, licens- 
ing authority, points out. Now, with the help 
of this Library. you can be ready for the 
many bigger opportunities open only to the 
registered engineer. In the simplest, swiftest 
way possible, you get the essential practical 
pointers for becoming licensed. In fact, by 
following step-by-step instructions on how to 
prepare your experience record properly, vou 
may even get a waiver of some examination 
requirements. 

fou get hundreds of sample questions se- 
lected from actual examinations for 
Professional Engineer License, 
Surveyor License, and_ the 
Training Certificate. Typical of the exami- 
nations being given now in all states, these 
questions cover mechanical, electrical, civil, 
structural, and chemical engineering, and 
— engineering economics and land sur- 
veying. 


library includes . . 


HOW TO BECOME A PROFESSIONAL 
ENGINEER 

By John Constance, 262 pp. 
PROFESSIONAL ENGINEER'S EXAMI- 
NATION QUESTIONS AND ANSWERS 

By William La Londe, Jr. 2nd Ed. 615 pp., 

273 illus. 
ELECTRICAL ENGINEERING FOR 
PROFESSIONAL ENGINEERS’ 
EXAMINATIONS 

By John Constance, 448 pp., 381 illus. 
ENGINEERING ECONOMICS FOR 
PROFESSIGNAL ENGINEERS’ 
EXAMINATIONS 

By Max Kurtz, 260 pp., 80 illus. 


McGraw-Hill Book Co. Dept. PE-8-21 
327 W. 41st St. New York 36 


Send me The Professional Engineer's License Exami- 
nation Library for 10 days’ examination on approval. 
In 10 days I will (check one) [) send you the full 
price of $29.00; or 2 $9.00, then $10.00 a month 
until the full price is paid. Otherwise I will return 
the Library postpaid. (We pay delivery costs if you 


remit with this coupon; same return privilege). 


Address 
City 
Company 
Position 


For price and terms outside U. S. 
write McGraw-Hill Int'l, New York 36 
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RESISTANCE ALLOY—Bulletin 112, 8 
pp. Spells out properties and performance 

characteristics of low-growth iron-chro- DIRECT CURRENT 
mium-aluminum resistance material for 7" a an 

use as heating elements in small appli- | 
ances and other devices where operating | 
temperatures do not exceed 2050 F. Pre- | 


sents typical life and temperature-resistance | 

curves, see ee sieeuaities at room and | DISPLACEMENT TRANSDUCER 

elevated temperatures, plus specification 5 : 

tables and data on designing, fabricating SPECIFICATIONS ROT 

and welding coiled heating elements. Hos Model: LMT-123C-D.C. os roc 

kins Mfg Co, 4445 Lawton Ave, Detroit 8. Length: 1.75" r x2 
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Seale Factor: 120 V/in D.C. 
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galvanized carbon steel or stainless steel netically shielded, sealed for insertion oe 
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TEFLON PARTS—Brochure, 4 pp. _Illus- | ° 
trates. molded, extruded and achined | | 2820 East Hullett Street ¢ Long Beach 5, Calif. 


Teflon in rod, tube and shapes and lists Phone: MEtcalf 0-3121 
Teflon properties. Comco Plastics Inc, 
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FLAT PLASTIC OPTICAL LENSES— | 
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illustrates performance characteristics of 
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lenses in numerous optical applications. new sales 

Wide variety of uses is described. Stocker | 

& Yale Inc, 31:16 Green St, Marblehead, fea tures 


Mass. 
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: introduced Liberator 600 Duplicator by Speed-O- 
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FOR MORE CATALOGS size, yield, spners and wear resistance, Speed-O-Print called 
i. on WILBOW. 
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* : ae high-precision mechanical rubber parts to meet the most exact- COMPLETE 
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poh. — —— moor a i TO ge ——_ ae er for een, te te 
esign Digest. ere you ing, die-cutting or extruding . . . is at your servi ak 
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363—Shell-Type Motors, 4 pp, Louis Allis 
Co 

ELECTRICAL, ELECTRONIC 

COMPONENTS 

351—Terminals and Splices, 10 pp, AMP 
Ine 

352—Insulation Tubing and Sleeving, 12 


pp, Minnesota Mining & Mfg Co 


354—Electrical Contacts, 8 pp, Tricon Mfg 
Co 
356—General Purpose Relays, 4 pp, Ohmite 


Mfg Co 


HYDRAULIC, PNEUMATIC EQUIPMENT 


355—Vacuum Pumps, Compressors, slide 
rule, Gast Mfg Corp 

360—Metal Hose, 10 pp, Universal Metal 
Hose Co 


MECHANICAL PARTS 


Ballbearing Screw 


300 
305 
306 
310 
317 


Freewheeling 


Shaft Seal 


Self-Aligning Bearing 


Self-Lubricating Sleeve 


Nylon Caterpillar Grommet 


Bearing 


FASTENING AND JOINING 


318 


Self-Clinching Nut 


MOTORS, ENGNES AND CONTROLS 


:01—Centrifugal Switch 
302—Sequencing Programmer 
312—Kotary Transducer 
313—Synchronous 
| (please print or type) 
| Name 
Company 
| Street 
City 
| AND MAY WE 
| | 24 47 70 93 
2 25 48 71 94 
3 26 49 72 «95 
4 27 50 73 9% 
5 28 51 74 97 
1 629 52 75 98 
7 30 53 76 99 
8 31 54 77 100 
| 9 32 55 78 101 
10 33 56 79 102 
1! 34 57 80 103 
12 35 58 81 104 
| 13 36 59 82 105 
14 37 60 83 106 
| 15 38 61 84 107 
1 16 39 62 85 108 
| 17 40 63 86 109 
| 18 41 64 87 110 
| 19 42 65 88 Ii 
| 20 43 66 89 112 
| 21 44 67 90 113 
j 22 45 68 91 114 
23 46 69 92 115 
——— 
| (please print or type) 
ln 
ame 
| 
| Company 
Street 
City 
AND MAY 
1 24 47 70 93 
2 25 48 71 94 
| 3 26 49 72 95 
4 27 50 73 % 
| 5 28 51 74 97 
| 6 29 52 75 98 
| 7 30 53 7% 99 
| 8 31 54 77 100 
9 32 55 78 101 
j 10 33 56 79 102 
i! 34 57 80 103 
12 35 58 81 104 
1 13 36 59 82 105 
1 14 37 60 83 106 
| 15 38 61 84 107 
| 16 39 62 85 108 
| 17 40 63 86 109 
| 18 41 64 87 110 
19 42 65 88 III 
| 
20 43 66 89 112 
21 44 67 90 113 
| 22 45 68 91 114 
! 23 46 69 92 115 


Reluctance 


Motors 


316 


319 


Vane-Type 


Permanent 


PRODUCT 
ENGINEERING 


Fluid Motor 


Magnet DC Motor 


ELECTRICAL, ELECTRONIC 


COMPONENTS 
301—Centrifugal Switch 
302—Sequencing Programmer 
303—Miniature Amp-Hr Meter 
304—Magnetic Latching Relay 
309—Magnetic Sensing Devices 
312—Rotary Transducer 


HYDRAULIC, PNEUMATIC EQUIPMENT 


308 


311 


(;rease 


Differential Pressure 


Fitting Cover 


Gage 


If this is change of address, check box 


116 
117 
118 
119 
120 
121 

122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

132 

133 

134 
135 
136 


Title 


Plant 


Home 


Zone State 


HAVE THIS INFORMATION ON YOUR COMPANY 


139 
140 
141 

142 
143 
144 
145 
146 
147 
148 
149 
150 
151 

152 
153 
154 
155 
156 
157 
158 
159 
160 
16! 


162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
300 
30! 
302 
303 
304 
305 
306 
307 
308 


309 
310 
311 

312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

322 
323 
324 
325 
326 
327 
328 
329 
330 
331 


If this is change 


WE 
116 
117 
118 
119 
120 
121 

122 
123 
124 
125 
126 
127 
128 
129 
130 
131 

132 
133 
134 
135 
136 
137 
138 


332 355 378 
333 356 379 1 2 Agricultural Equipment 
334 357 380 2 (- Aircraft, Missiles, Rockets 
335 358 381 3 (—) Appliances, Radio, TV 
336 359 382 4 () Auto, RR, Trans. Equip. 
337 360 383 5 (©) Business & Commercial Machines 
338 361 384 6 ©) Construction, Mining Equip. 
339 362 385 7 (© Elect. Machinery & Apparatus 
340 363 386 8 [) Industrial Machinery & Equip 
341 364 387 9 ©) Instruments & Scientific Equip 
342 365 388 10 [) Ordnance & Accessories 
343 366 389 11 ( Other Fabricated Metal Pdts 
344 367 390 = Bt So aa 
“4 a oe MULTIPLE PRODUCT ADS 
347 370 393 Key No Specific Product 
348 371 394 . = — a ne 
349 372 395 
REPRINTS 
350 373 396 
351 374 397 603 607 611 615 619 623 
352 375 398 604 608 612 616 620 624 
353 376 399 605 609 613 617 621 625 
354 377 400 al in SB 
of address, check box 
Title 
Home Plant 
Zone State 


MAJOR PRODUCT MANUFACTURED 








HAVE THIS INFORMATION ON YOUR COMPANY 


139 
140 
141 

142 
143 
144 
145 
146 
147 
148 
149 
150 
151 

152 
153 
154 
155 
156 
157 
158 
159 
160 
161 


162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
300 
301 
302 
303 
304 
305 
306 
307 
308 


309 
310 
311 

312 
313 
314 
315 
316 
317 
318 
319 
320 
321 

322 
323 
324 
325 
326 
327 
328 
329 
330 
331 


332 
333 
334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
35! 
352 
353 
354 


355 
356 
357 
358 
359 
360 
36! 
362 
363 
364 
365 
366 
367 
368 
369 
370 
371 
372 
373 
374 
375 
376 
377 








378 MAJOR PRODUCT MANUFACTURED 
a 1 (—- Agricultural Equipment 

381 2 € Aircraft, Missiles, Rockets 

382 3 Appliances, Radio, TV 

383 4 Auto, RR, Trans. Equip 

384 5 () Business & Commercial Machines 
385 6 (1) Construction, Mining Equip. 

386 7 [) Elect. Machinery & Apporotus 
387 8 [) Industrial Machinery & Equip. 
388 9 © Instruments & Scientific Equip. 
389 10 Ordnance & Accessories 

390 11 ( Other Fabricated Metal Pdts. 

391 oe aie a 
oe MULTIPLE PRODUCT ADS 

393 Key No Specific Product 

394 - 

6 Sana 

397 603 607 611 615 619 623 
398 604 608 612 616 620 624 
399 605 609 613 617 621 625 
400 606 610 614 618 622 626 














use these prepaid cards 


os for additional product design data on 
oe Brochures on advertised products 
FAD F a * New materials and components 


Free article reprints 











New catalogs and bulletins 


S E RV | [ E : 4 Your OWN subscription to: 


OPEN THIS FOLDER FOR MAXIMUM USE WHEN CHECKING ISSUE 





Issue of August 21, 196! 
































FIRST CLASS 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed in the United States 


Postage will be paid by Reader Service Department 


Inquiries Service Department 
PRODUCT ENGINEERING 


P. O. BOX 601 
RIDGEFIELD, CONNECTICUT 


CIRCLE 174.» > 


| 
PRODUCT ! 
a ~eonecttnd PERMIT No. 64 | 
Card expires October 20, 1961 NEW YORK, N.Y 
| 
! 
' CIRCLE 
BUSINESS REPLY MAIL ! number that corresponds 
No Postage Stamp Necessary If Mailed in the United States | to numbers printed 
Postage will be paid by Reader Service Department under each 
; advertisement, 
Inquiries Service Department | new component 
PRODUCT ENGINEERING | 
P.O. BOX 601 
| 
RIDGEFIELD, CONNECTICUT PRINT OR TYPE 
| your name, 
company and 
| address 
(ce rs ee rs ms me me es ws ee es ee ees ee ee ee wee eee ee eee ee ee ee oe oe — 
| 
issue of August 21, 1961 FIRST CLASS 
PRODUCT | TEAR OFF 
meait aenieeen PERMIT No. 64 AND MAIL 
Card expires October 20, 196! NEW YORK, N. Y. | 
we'll gladly 
| do the rest 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


ned 


After reading the advertisements classified below ... MORE DETAILED 
INFORMATION about these products can be obtained by using the 
READER SERVICE CARD. 


70 


8 Ey T 
Balls 13 sateen Equipment = Tables, Dial-Feed 64 
‘ esin T 
a Materials 2 Reteining Rings 60 nd a 28 
pm ae és —_ 63 Timing Motors 65 
illess r over ) r 59 T 
Sleeve .. 3rd Cover, 2 Rubber Parts 4th Cover, 16, 59, 64, 67 Cananinaions ‘s 
Bolts : 63 
Books ’ . na 66 
Brakes 6 Valves . 
Hydraulic 62 og , 63 Air 2nd Cover, 64 
Pneumatic " 62 — oli” Korened 4th Cover, S Solenoid 28 
Sheets 
Metal ‘ 32 
Silicones ; 4 w 
c Spacers 2 
Controls — Reducers 2 Washers 60 
Hydraulic — . 61 tee Welding 
Pneumatic 2nd Cover, 6! Coated 32 Nuts 62 
Copper & Copper Alloys 2 2 weneneeesaseeenenen a ae EeeneenaDenaenanenenemanasaenenenanenanenen ana a= 
Couplings | 
Hose ws 54 | 
Tube ms ’ 54 
ne Issue of August 21, 196) FIRST CLASS 
Pneumatic 64 i PRODUCT PERMIT N 64 
| EvoemeeRiwe o. 
. | Card expires October 20, 1961 NEW YORK, N. Y 
' 
Die Castings . 66 | 
/ 
' 
. BUSINESS REPLY MAIL 
Engines 29 No Postage Stamp Necessary If Mailed in the United States 
j Postage will be paid by Reader Service Department 
| 
Fastening Methods 62 | es ° 
Fittings, Hose, Pipe & Tubs 54 j Inquiries Service Department 
{ 
{ PRODUCT ENGINEERING 
° ' 
Generators P Oo BOX 601 
D-c . 7 > . . 
' 
RIDGEFIELD, CONNECTICUT 
" | 
Hose & Tubing — 54 | 
| 
| 
' Ne 
Instruments OE ee 
Electrical 22 j 
i Issue of August 21, 196) FIRST CLASS 
' 
t j PRODUCT 
, | ENGINEERING PERMIT No. 64 
Lubricants , , 4 : i 
NEW YORK, N. Y 
~ } 
Motors, A-C | 
Integral 15 4 
Motors, D-C 
“ie il _. st BUSINESS REPLY MAIL 
' 
| No Postage Stamp Necessary If Mailed in the United States 
N Postage will be paid by Reader Service Department 
' 
Nuts 62 | 
' 
, Inquiries Service Department 
' 
' 
Paints dal 25 | PRODUCT ENGINEERING 
Plastic Parts 16, 26—27, 64 ; 
Plastics j 10, 26-27 | 330 WEST 42nd STREET 
Powdered Metal Parts ‘ utd Cover | 
Pumps ! NEW YORK 36, N. Y. 
Liquid iii a . sates 19, 24 } 
t 
: 
' 








ts “9 ‘i . BY * 
© . 2 
eS AS 
- i 
« it j “s . ‘ a 
a - 
e 
* . 
: - 
: . 
- * ig * . 
> . 
* ‘ 
: zs a “ _ 
A . 
. 
. : : 
‘ - 
- _ ; 
s . nf . . . 
sf . 
é > p ° : 
.- 
* 
. 
‘ . 
. 
4 . 
‘ 2 ‘ 
a ; $ 
" ry F 
. : : : 
‘ 7 ‘ 
; : : F ‘ 
x, 4 - 
Rae 
—— ‘soa - 
A gs ‘ 
. . 
. x x 
; . ’ 
* ‘ 
. ’ 
. 7 ‘ 
® 
e x ‘ “ 
- 
3 a" ’ 
» = ‘ 
: . 
2 = : 
~~. ~ Safi > — 
a 
‘ ‘ ie 
P eta “ 
» . ‘ i : 3 ‘ ; : 
at - = e * 4, 
* é 
= ‘ « " 
; > 
’ . ‘ 
a - 
- “ “ ~ 
_ ‘ . 7: pl ‘ 
x ~ y s, a 
‘i . « 5 - ; 
: , . 4 - : 
Sigs é = m4 ’ 
. 


2 ene me 5 I een ae : aa) caer 





No place for guessing games! 


The right choice of materials is certain when you bring your bearing problems to Bound 
Brook. Choosing from over 25 grades of sintered iron and bronze, our powder metallurgy 
engineers select the material with exactly the right properties for your application . . . the 
right balance of hardness, strength, ductility, density and thermal conductivity to fit your 
needs. They can create many special properties for you, too, by varying the composition of 
the metal powders. Your choice is always right when you choose Bound Brook for your 


bearings. 


BOUND BROOK BEARING 


CORPORATION OF AMERICA 
A BIRFIELD COMPANY 
Pioneer in Powder Metallurgy Bearings and Parts « Plants at Bound Brook, N.J. and Sturgis, Mich 





Specially compounded and molded parts gave this 
manufacturer the competitive edge he wanted! 


Hydro-Line Manufacturing Company posed this 
problem to C/R: produce an elastomer rod seal 
and dirt seal with the highest possible resistance 
to wear (equal or superior to Buna-N) — that will 
function dependably in air at temperatures ranging 
from -40° to 450° F. Further, the seals must be 
compatible with the widest range of industrial hy- 
draulic fluids. 

C/R?# Sirvene engineers selected a fluoroelastomer 
as the base material. They specially compounded it, 
pigmented it to permit distinct color-coding, then 
molded the rod seal and auxiliary dirt seal you see 


above to precise tolerances. These seals have wear- 
resistance equal or superior to Buna-N. They have 
the highest continuous service temperature resis- 
tance of any elastomer on the market, and their 
compatibility will assure long service life in vir- 
tually all industrial applications. The manufacturer 
is able to standardize — safely and economically. 


th 


C/Rt can do the same for you. We h 
techniques, knowledge and facilities t 
your product a competitive advantags 


immediate information or engineerin 
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CHICAGO RAWHIDE MANUFACTURING COMPANY 


SIRVENE DIVISION, 1237 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


r telephone book 


Offices in 55 principal cities. See you 
In Canada: Chicago Rawhide Mfg. Co., Canada, ltd., Brantford, Ontario 
Export Sales: Geon international Corp., Great Neck, New York 
C/R propucts: C R Shaft & End Face Seals e Sirvis-Conpor mechanical leather cups, 
packings, boots ¢ C/R Non-metallic gears 
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